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AN    ACCOrXT    OF    OI'KK AI'IONS    IN      I'lli: 
IIAKVAKI)    FORKS  r,    liios  oi) 

Richard   Thohnton    Fishkp,    M.  F. 

Assistant   PHOKt^ssoH   ok  Fohksthy 

Tin:  oiKTatioiis  liorc  (lo.scril)O(l  ((tiislilntr  tlic  (ir>t  .\c;ir'.s  cut 
I'roiii  the  Harvard  Forest.  They  wcw  carried  (ml  between 
Dcccmhcr  and  March,  1!)()S  ()!).  At  the  outset,  pending  the 
conipU^tioM  ot"  the  workiui;  phiii,  the  amount  of  the  cut  was  de- 
terniined  partly  by  a  rouiih  measurement  of  the  <irowin<j  stock 
and  estimate  of  the  growth,  and  ])artly  l>v  silvicultural  conth- 
tion,  sahd)ihty,  and  considerations  of  local  policy.  It  was  decided 
to  cut  about  '200, ()()()  feet  of  lumber  (which  was  well  within  the 
annual  increment  from  the  tract),  and  '■200  cords  of  firewood. 
In  planning  tlu>  operation,  a  ])ennanent  site  was  chosen  for  a 
])«)rtal)le  mill,  to  which  all  lofi;s  over  an  area  of  l.>0  acres  could 
be  hauled  down  hill.  In  this  way  the  woods  work  and  the  saw- 
mill work  could  be  kept  entirely  separate.  The  intciilion  was 
to  do  just  as  much  improvement  cutting,  yielding  an  inferior 
grade  of  lumber,  as  w  as  consistent  with  securing  a  fair  price  for 
the  main  cut  of  mature  timber.  Three  adjacent  areas  were  taken 
in  hand,  all  lying  on  a  gentle  to  fairly  stecj)  woslcrlx'  slope  and 
distant  between  one-half  and  three-(piarters  of  a  mile  from  the 
mill-yard.  All  saw  timber,  both  good  and  poor,  was  piled  to- 
gether in  the  mill-yard,  where,  at  the  end  of  the  winter's  work, 
it  was  sold  in  the  log.  The  cord-wood  was  sold  as  it  lay  aft(M- 
cutting.  The  hauling  both  of  wood  and  logs  was  done  either 
with  the  wooden  scoot  or  jum])er,  or  the  iron-shod  two-sled, 
according  to  the  nature  of  the  ground  surface  and  the  coiidilioti 
of  the  going.  The  choj)ping  was  contracted  for  wholly  l)y  the 
cord  and  l)y  the  thousand  feet.  Thus  it  was  i)ossible  to  have  the 
trees  taken  out  in  thinnings  cut  for  the  same  price  as  those  w  Inch 
were  cut  clean;  and  to  a  lesser  degree  the  same  plan  was  followed 
with  the  cord- wood. 
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Following  are  descriptions  of  the  forest  conditions  and  the 
nature  of  the  treatment  for  each  of  the  three  compartments:  — 

Compartment  la.  Quality  II. — The  forest  on  Compart- 
ment la  consisted  of  a  dense,  even-aged  stand  of  white  pine,  with 
about  10%  by  area  of  red  maple,  black  birch,  red  oak,  and  poplar, 
occurring  principally  in  small  groups.  The  average  age  was  60 
years,  and  the  stand  per  acre  amounted  to  approximately  40,000 
feet  board  measure.  The  condition  of  the  crop  was  poor,  the 
trees  having  stood  much  too  dense.  The  growth  for  the  past 
20  years  had  been  extremely  slow,  and  though  the  crowns  of  the 
trees  were  abnormally  short,  there  was  scarcely  any  clear  length, 
and  a  considerable  amount  of  red  rot  (Tramites  pini)  had  begun 
to  appear,  chiefly  among  the  o\'er-topped  and  suppressed  trees. 
There  was  very  little  ground-cover,  except  needles  and  a  thin 
humus,  but  throughout  most  of  the  compartment  a  partial  re- 
production of  hardwood  seedlings,  chiefly  white  ash,  sugar  maple, 
l)lack  cherry,  red  oak,  and  chestnut,  had  already  started.  In 
view  of  these  conditions  a  thinning  was  determined  upon,  with 
the  expectation  that,  as  the  autumn  of  1908  was  a  heavy  seed 
year,  the  reproduction  of  pine  might  be  started,  and  that  the- 
increment  of  the  remaining  trees  would  be  stimulated.  This 
thinning  was  to  constitute  a  combination  of  preparatory  and 
seed  cutting  under  a  Shelter-wood  System  with  Uniform  Cut- 
tings, It  included  all  over-topped  and  suppressed  pines,  a  good 
many  of  the  intermediate,  and  such  dominant  trees  as  wxre  in 
poor  condition,  or  excessively  wide-crowned.  At  the  same  time 
.the  scattered  hardwoods  were  all  cut,  except  where  their  removal 
would  leave  too  large  an  opening.  Owing  to  the  density  of  the 
stand,  the  amount  of  slash  and  tops  left  after  cutting  was  very 
small,  and  when  the  pine  cord-wood  was  taken  out  of  it,  what 
remained  was  not  sufficient  either  to  hinder  reproduction  or  to 
constitute  a  serious  risk  from  fire.  (See  illustrations  of  Com- 
partment la.) 

In  the  autumn  of  1909,  when  one  growing  season  had  passed, 
the  area  was  examined  for  results  of  the  reproduction.  Pine 
seedlings  were  found  to  have  come  in  abundantly  almost  all  over 
the  cutting.  In  a  series  of  counts  taken  on  plots  8  feet  square, 
(lie  lowest  number  was  10  and  the  highest  was  65.     In  color  and 
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Compartment  In.  —  Pure  White  Pine  GO  years  old.     Upper  picture  before, 
lower  picture  after,  first  cutting  under  the  Stand  Method. 


condition  the  plants  were  slightly  less  healthy  than  the  normal, 
owing  mainly  to  the  bed  of  needles  through  which  the  rootlets 
were  not  easily  able  to  reach  the  mineral  soil,  and  in  part  to  the 
reduced  light. 

In  spite  of  the  prevailing  drought,  this  reproduction  survived 
the  summer  of  1910  with  increjising  vigor,  and  at  the  present 
writing,  the  end  of  May,  1911,  the  season's  shoots  have  already 
grown  from  one  to  two  inches.  Considering  only  density  and 
health,  the  new  crop  is  already  effectively  established.  The 
effect  of  removing  the  old  stand,  with  the  attendant  damage  and 
increase  of  light,  has  yet  to  be  demonstrated. 

Compartment  16.  Quality  II.  —  This  compartment  was 
covered  with  an  irregular  stand  of  mixed  hardwoods  representing 
the  gradual  extension  of  a  temporary  type  over  land  which 
fifty  years  ago  was  partly  pasture.  Thus  the  stand  was  made  up 
of  small  areas  of  fairly  dense  and  even  pole-and-sapling  growth, 
and  other  areas  where  scattered,  large  wolf  trees  stood  over 
thickets  of  valuable  seedling  and  sapling  growth.  The  species 
represented  were  chiefly  red  maple,  large-toothed  poplar,  gray  and 
paper  birch,  chestnut,  red  oak,  and  hard  maple,  with  scattering 
white  pine.  Almost  everywhere  there  was  an  excellent  reproduc- 
tion of  valuable  hardwoods  and  white  pine,  some  of  it  already 
in  the  sapling  stage.  The  treatment  applied  here  consisted  of 
im])rovement  cuttings  for  the  utilization  of  the  deteriorating, 
mature  trees,  and  the  release  and  stimulation  of  young  growth. 
The  groups  of  dense,  half-grown  hardwoods  were  thinned,  the 
scattered,  old  hardwoods  were  cut,  and  the  poplar,  which  was, 
most  of  it,  a  little  past  maturity,  was  culled  over  the  com- 
partment. This  treatment  involved  in  some  places  such  a  very 
heavy  cut  that  a  considerable  j)roportion  of  the  young  growth 
was  unavoidably  damaged,  but  for  all  that,  enough  to  justify  tiie 
operation  was  saved,  and  even  that  injured  was  left  in  condition 
to  sprout  again.  The  slash,  which  was  mainly  of  poplar  and 
red  maple,  was  left  scattered  on  the  ground.  (See  illustrations 
of  Compartment  16.) 

Compartment  '2.  Quality  I.  —  The  stand  here  was  a  dense 
mixed  forest  of  white  pine  and  hardwood,  GO  years  old,  and  rang- 
ing in  height  from  80  to  90  feet.     Seventy-five  j)er  cent  was  pine. 


CoMi'AHTMKNT   Ih.  —  L'p|XT  plctiiro  bcforc,  liiwcr  picture  aiii-r  ruiimu. 


6 

and  the  rest  chestnut,  black  cherry,  red  oak,  white  ash,  and  black 
birch.  As  a  whole  it  was  mature,  and  a  small  amount  of  red  rot 
had  appeared.  The  leaf  litter  was  3"  to  6"  in  depth,  and  the 
humus  2"  to  4".  There  was  already  a  large  reproduction  of 
well-distributed  hardwood  seedlings  on  the  ground,  of  which 
white  ash,  black  cherry,  red  oak,  and  chestnut  were  the  chief 
species.  INIoreover,  these  seedlings  were  for  the  most  part  less 
than  a  foot  high,  and  consequently  not  likely  to  be  seriously 
injured  in  the  logging.  Reproduction  of  pine  was  practically 
wanting,  as  is  usually  the  case  in  such  heavy,  dark  stands,  but 
the  autumn  of  1908,  as  already  stated,  was  marked  by  a  very 
heavy  fall  of  pine  seed.  It  was  therefore  expected  that  by  cutting 
the  stand  clear,  and  burning  the  heaviest  of  the  slash,  a  repro- 
duction of  mixed  pine  and  hardwoods  would  be  secured.  Such 
a  mixture  is  without  question  the  most  valuable  and  productive 
for  good  situations,  both  in  the  quantity  of  wood  produced,  and 
in  the  quality  of  the  timber.  The  certaintj^  of  the  reproduction, 
of  course,  cannot  be  guaranteed,  but  in  many  cases,  where  a 
similar  operation  has  coincided  with  a  seed  year,  a  satisfactory 
new  crop  has  followed,  even  without  any  attempt  to  dispose  of 
slash.  In  any  event,  from  one-third  to  one-half  of  a  full  stocking 
will  be  furnished  by  the  hardwood  reproduction,  and  in  case  of 
a  failure  of  the  pine,  seedlings  can  be  very  cheaply  planted  next 
the  stumps  of  the  old  trees,  thereby  securing  a  favorable  spot 
for  growth,  and  partial  freedom  from  possible  suppression  by 
hardwood  sprouts. 

The  results  of  this  clear  cutting  were  as  successful  as  the  un- 
favorable growing  season  of  1909  would  lead  one  to  expect.  By 
the  end  of  June  a  count  showed  from  two  to  a  dozen  exceptionally 
thrifty  white  j)ine  seedlings  to  the  plot  of  8  feet  square.  The 
rest  of  the  summer  was  abnormally  dry,  and  by  autumn  nearly 
half  of  the  seedlings  had  dried  out  and  died.  Those  still  living, 
many  of  which  had  made  remarkable  growth,  were  situated 
either  where  the  leaf  litter  and  humus  had  been  well  mixed  with 
the  mineral  soil,  in  small  moist  depressions,  or  where  there  had 
been  side  shade  from  weeds  or  tiie  adjacent  woods  during  the 
hot  })art  of  the  day.  The  plants  which  had  died  had  stood  chiefly 
on  the  south  side  of  small  hunnnocks  or  where  the  thick  mat  of 


needles  and  Iniinns  had  not  I)een  disturhed.  In  ordinary  seasons 
a  snfHcieiil  niiniher  of  seedlings  to  r('>fo(k  tlic  ^^roiitid  woidd  prob- 
ably have  siir\  i\»'d. 

Altlidiiuli  llii>  iiicIIkkI  1)1'  ii;it  iir.il  nprodnct  ioti  liy  clear  ciil  I  in:; 
may  lairly  he  called  nncertain,  a  ^'ood  case  can  none  the  less  he 
made  ont  for  it.  First,  it  involves  the  lowest  |)ossil)le  cost  of 
operation.  SccomL  the  iiecessar.\'  hiUMiin^  of  >la>li  makes  for 
protection,  and  is  (certainly  in  |)arl,  if  not  entirely)  eharj^M-ahle 
to    that    acconnt,   and    to    the    cost    of     formation    of     the    new 


CoMPAKTMENT  2.  —  White  Pine  and  llardu'jL'd-  OU  ^Lar-  jIJ.    suh  .I'jundaiit 
hardwood  reproduction 


crop.  TJiird,  the  form  of  tlic  >laiid  and  the  mi\e(|  crop  with 
which  it  is  to  lie  replaced  make  ajiy  methoil  hy  ])artial 
cuttinji  almost  impracticahle.  If  scatteretl  seed  trees  from  such 
a  dense  tall  forest  are  left,  they  are  very  apt  to  hlow  down,  and 
before  they  have  finLshed  .seeding  up  the  ground,  the  hardwood 
reproduction  has  got  too  great  a  start.  Group  or  Shelter- wood 
cuttings  tend  unduly  to  increase  the  percentage  of  hardwoods, 
and  Selection  cutting  is  still  more  unsuited  to  the  silvics  of  the 
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desirable  species,  pine  and  chestnut.  On  the  other  hand,  when 
such  a  forest  as  this  is  cut  down  immediately  after  a  fall  of  seed, 
from  one  half  to  a  full  stocking  for  the  ground  is  assured,  sup- 
plementary planting  (if  needful)  is  cheaply  done,  and  the  resulting 
combined  crop  begins  effective  growth  almost  at  once. 

A  summary  of  the  financial  aspect  of  these  three  operations 
is  given  in  the  following  table:  — 
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TREES  AND  OTHER  WOODY  PLANTS  FOUND  IN  THE 
HARVARD  FOREST,  PETERSHAM,  MASSACHUSETTS 

John  G.  Jack 

Assistant  Professor  of  Dexdrologt 

The  following  enumeration  of  the  trees  and  other  ligneous  plants 
found  growing  naturally  or  naturalized  in  the  Harvard  Forest 
or  proximity,  in  Petersham,  Massachusetts,  is  issued  primarily 
as  a  reference  or  hand  list  for  the  convenience  of  students  in 
the  Harvard  Forest  School. 

As  the  forest  has  not  been  thoroughly  examined  in  the  short 
period  since  it  was  acquired,  other  species  will  undoubtedly  be 
found,  so  that  the  present  list  may  be  regarded  as  a  provisional 
one. 

Since  the  line  between  herbaceous  and  ligneous  or  shrubby 
plants  cannot  be  sharplj^  drawn  and  is  a  purely  arbitrary  matter, 
some  plants  may  be  found  in  this  list  which  would  be  left  out  by 
some  dendrologists,  while  consistency  might  compel  the  inclusion 
of  some  species  not  here  enumerated,  such  as  species  of  Lycopo- 
dium. 

The  question  of  nomenclature  is  a  troublesome  one  because 
American  botanists  are  not  united  upon  rules  for  the  names  of 
plants.  As  many  of  the  students  in  forestry  plan  to  enter  the 
United  States  Forest  Service,  the  rules  for  botanical  nomenclature 
adopted  by  the  Forest  Service  have  generally  been  followed  in 
the  names  of  both  trees  and  shrubs,  the  oldest  clear  specific  or 
varietal  name  being  used,  dating  from  the  foundation  of  binomial 
nomenclature  by  Linnaeus  in  his  "  Species  Plantarum,"  pub- 
lished in  1753.  The  more  commonly  used  synonyms  are  given 
and,  as  a  matter  of  historical  interest,  the  original  combination.s 
of  genera  and  species  and  the  dates  of  j)ublication  are  added. 
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Following  tlic  rules  ;nl()|)l<'(l  by  Suilwoitli  in  Iiis  "  Clu'ck  List 
of  the  Forest  Trees  of  the  I'liited  Stales"  (Hulleliii,  No.  17, 
Division  of  Fonvstry,  1S!)H),  and  1)\'  zooh)^'ists  ^'cnerally,  all 
specific  and  \ai-iclal  names  are  written  with  a  small  initial  letter 
both  in  names  adopted  here  and  also  in  (piotation  of  synonynjs 
used  by  other  authors.  Sec  Sudworth's  "  Xoinenelature  of  the 
Arborescent  Flora  of  the  United  St.'ites  "  (Bulletin,  No.  14,  Division 
of  Forestry,  1897),  pp.  341-355,  for  laws  and  codes  of  nomencla- 
ture adopted  by  the  For(>sl  Ser\ice  as  a  standard  for  xicntilic 
names  of  plants. 

SPERMATOPHYTA.     S.cW  Plants. 

GYMNOSPERMAE. 

Taxaceae.     Yew  l-'aniily. 

Taxus  I.iniuious.     Y'ew. 

Taxus  canadensis  Marshall.     (Irouiul  lloinloek,  Auicrican  Yew. 
Shady  woods,  frcciuenf. 

Pinaceae.     Pino  Family. 

Pinus  Linnaeus.     Pine. 

Pinus  strobus  laniiaciis.     \\  liito  Pine,  Weymouth  Pine. 

Most  important  commercial  species  in  the  Harvard  Forest. 
Found  abundant  in  almost  all  situations  except  deep  swamps. 
Pinus  rigida  Miller.     Pitch  Pine. 

Occurs  in  a  few  small  colonics  in  dry  situations.     Of  little  economic 
importance  in  this  region. 
Pinus  resinosa  Aiton.     Red  Pine,  Norway  Pine. 

Rare  in  Harvard  Forest,  a  small  colony-  in  Prospect  Hill  tract  and 
individuals  in  other  parts.  Other  small  groups  in  the  vicinity  of  Peters- 
ham. 

Larix     .Millci-.      Larch. 

Larix  laricina  (Du  Roi)  Koch.     American  Larch,  lilack   Larch,  Tamarack, 

Hackmatack. 
Pinus  laricitia  Du  Roi.     [1771.] 
Larix  amcricana  Michaux.     [1803.] 

Found   in  groups  or  scattered  individuals  on  swamj)s  or  hogs,  usually 
small. 
Larix  larix  (L.)     Karsten.     European  Larch. 
Pinus  larix  Linnaeus.     [17.53.] 
Larix  decidua  Miller.     [17(18.] 
Larix  europaca  De  Candolle.     [1805.] 

Planted  in  Petersham,  r:u"ely  escaped. 
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Picea  Link.     Spruce. 

Picea  rubens  Sargent.     Red  Spruce. 
Picea  nigra  rubra  Engelmann. 
Picea  rubra  (Poir.)  Dieterich. 
Abies  rubra  Poiret. 

Probably  once  abundant  in  Northeast  tract,  now  nearly  all  cut  off. 
Slopes  of  Prospect  Hill  and  adjacent  swamps  also  in  Meadow  Water 
tract. 

There  is  much  disagreement  as  to  the  proper  specific  name  to  be  ap- 
plied to  this  tree.  The  name  used  by  Sudworth  in  his  "  Check  List  " 
and  by  Professor  C.  S.  Sargent  in  his  "  Manual  of  the  Trees  of  North 
America  "  is  here  retained  though  some  authorities  prefer  the  older 
Picea  rubra. 
Picea  mariana  (Mill.)  B.S.P.  Black  Spruce,  Swamp  Spruce. 
Abies  rnanana  Miller. 

Common  on  bogs  in  surrounding  country  but  rare  in  Harvard  Forest. 
In  swamp  on  Meadow  Water  tract   where   it   cannot   be  described  as 
exactly  typical  but  appears  as  if  in  transition  from  Red  to  Black  Spruce 
as  the  former  extends  from  dry  slopes  into  the  swamp. 
Picea  abies  (L.)  Karsten.     Norway  Spruce. 
Pinus  abies  Linnaeus  [17.53.] 
Picea  excelsa  (Lam.)  Link. 
Pinus  excelsa  Lamarck.     [1778.] 

Planted  in  Petersham  and  rarely  naturalized. 

Abies  Hill.     Fir. 

Abies  balsamea  (L.)  Miller.     Balsam  Fir,  Balm  of  Gilead  Fir. 

Planted  in  Petersham,  probably  native  although  not  yet  found  in 
Harvard  Forest.     Is  native  in  adjoining  towns. 

Tsuga  (Endl.)     Carr.     Hemlock. 

Tsuga  canadensis  (L.)     Carriere.     Hemlock. 

Common  on  cool  north  situations  and  occasionally  as  an  understory 
to  White  Pine. 

Thuya  Linnaeus.     Arbor  Vitae. 

Thuya  occidentalis  Linnaeus.     Arbor  Vitae,  White  Cedar. 
Planted  in  Petersham. 

Juniperus  Linnaeus.     Juniper. 

Juniperus  virginiana  Linnacnis.     Red  Cedar,  Savin. 

Hathci'  rar(>.     In  pastures. 
Juniperus  nana  Willdenow.     [lS()(i.] 

Juniperus   conrmuids   of   many    writers.     Connnou   Juniper.     Prostrate 

Juniper. 

In  abandoned  pastures. 
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ANGIOSPERMAE. 
DICOTYLEDONEAE. 

Salicaceae.     W  illnw  l'';iiriily. 
Salix  l.iiiiiaciis.     W  illow,  ().si«!r. 

Salix  lucida  MuIiIciiIm'Ih.     Sliiiiinj;  Willow,  (llossy  Willow. 

Ualhcr  rare  in  Harvard  Forest. 
Salix  fragilis  l.innacn.s.     C'rasii  Willow,  liritllc  Willow. 

.\ali\c'  of  l']itro|)c.     IMantcd  in  Pctcr.shani. 
Salix  alba  Linnaous.     While  Willow. 

Native  of  Europe.      Planted  in  Petersham. 
Salix  cordata  Miihlenherjj;.     Ileart-lea\  rd  Willow. 

( 'oinmon.      Wet  ji^round. 
Salix  discolor  .Muhlenberg.     Cilaucou.s  Willow,  Pu.s.sy  Willow. 

\'erv  coninion.     Road.^ide.s  and  low  plaeo.s. 
Salix  humilis  Marshall.     Prairie  Willow. 

Dry  jiround.     Not  uneoinnion. 
Salix  sericea  Marshall.     Silky  Willow. 

Coininon.     I'sually  near  streams  oi-  in  w(^t  situations. 
Salix  petiolaris  J.  K.  Smith.     Slender  Willow. 

Occasional.     On  wet  ground. 
Salix  bebbiana  Sargent.     Beaked  Willow. 
Salix  roslraln  Richardson. 

Common.      Moist  and  dry  situations. 

Populus  Linnaeus.     Poplar,  .Vspen. 

Populus  alba  Linnaeus.     White  or  Silver-lea\  chI  Poplar,  .Vhele,  White  Park. 

Introduced  in  Petersham.     A  European  species. 
Populus  tremuloides  Michaux.     American  or  Quaking  Asjjcn,  Poplar,  Popple, 
Quiver-leaf. 
Very  common.     Clearings  and  dry  ground. 
Populus  grandidenta     Michaux.     Large-toothed     Aspen,     Pojilar,     Pf)pple. 

Coininon.     Clearings,  roadsides,  dry  and  wet  ground. 
Populus  candicans  Aiton.     [1789.]     Balm  of  Gilead. 
Populus  hdhamifera  candicatis  (Ait.)     Gray. 

Introduced  in  Petersham  and  found  reproducing  itself  by  root  sjjrouts 
near  old  hou.se  sites,  etc. 

Myricaceae.     Sweet  Gale  Family. 

Myrica  Linnaeus. 

Myrica  gale  Linnaeus.     Sweet  CJale. 

In  swamps  and  borilers  of  ponds  and  streams. 
Myrica  carolinensis  .Miller.     liayberry,  Candlewooil,  Waxberry. 
In  pastures  and  abandoned  fields. 

This  species  is  found  in  most  Manuals  and  Floras  of  eastern  North 
.\merica  und(>r  the  name  of  Myrica  cerifira  which  is  now  restricte<J  to  a 
more  southern  I  vpe. 
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Comptonia  Banks. 

Comptonia  peregrina  (L.)     Coulter.     Sweet  Fern. 
Liguidambar  peregrina  Linnaeus.     [1753.] 
Myrica  asplenifolia  Linnaeus.     [1753.] 
Comptonia  asplenifolia  (L.)     Gaertner. 

Common,  chiefly  in  pastures  and  abandoned  fields,  a  weed. 

Juglandaceae.     Walnut  Family. 
Juglans  Linnaeus.     Walnut. 

Juglans  cinerea  Linnaeus.     Butternut,  White  Walnut,  Oil  Nut. 

Frequent,  woods  and  roadsides. 
Juglans  nigra  Linnaeus.     Black  Walnut. 

Rare,  planted  in  Petersham. 

Hicoria.     Hickory. 

Hicoria  ovata  (Mill.)     Britton.     Shagbark  or  Shellbark  Hickory. 

Juylan.s  ovata  Miller  [17G8.] 

Carya  ovata  (Mill.)     K.  Koch. 

Carya  alba  Nutt.     [1818.] 

Not  common  in  Harvard  Forest  but  found  more  or  less  abundantly 

in  neighboring  woods  and  fields. 
Hicoria  glabra  (Mill.)     Britton.     Pignut,  Broom  Hickory'. 

Juglans  glabra  Miller.     [1768.] 

Carya  glabra  (Mill.)     Spach. 

Carya  porcina  Nuttall.     [1818.] 

Not  very  common,  sometimes  found  associated  with  Shagbark  Hickory. 
Hicoria  microcarpa  (Nutt.)     Britton.     Small-fruited  Hickory. 

Carya  microcarpa  Nuttall. 

A  single  tree  of  what  appears  to  be  this  species  occurs  on  the  Waldo 

farm  in  Petersham.     Its  classification  is  difficult,  as  is   the  case  with 

many  of  the  hickory  trees  found  in  New  England,  especially  those  in 

the  Pignut  group. 

Betulaceae.     Birch  Family. 
Corylus  Linnaeus.     Hazelnut,  Filbert. 

Corylus  americana  Walter.     Common  Hazelnut. 

Rare  in  Harvard  Forest. 
Corylus  rostrata  Alton.     Beaked  Hazelnut,  Filbert. 

Common,  roadsides,  woods,  and  thickets. 

Ostrya  Scopoli.     Hop  Hornbeam,  Ironwood. 

Ostrya  virginiana  (Mill.)     K.  Koch. 

Carpinus  virginiana  Miller.     [1768.] 

Ostrya  virginica  Willdenow.     [1805.]     American  Hop  Hornbeam,  Lever- 
wood,  Ironwood,  Deerwood. 
Frequent  in  the  Harvard  Forest. 
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Carpinus  I,iiiii:icii.-.      IlnitilxMrii,  Iroiiwood. 

Carpinus  caroliniana  Waller.     |17.ss.| 

('iirpinits   inmriauKi    Micliaiix.      (1803.)     AiiH-ricaii    I  loriihfaiii,    Hliic  or 
Water  Heeeli. 
Locjil,  not  foiniiioii  as  the  Hop  Horiilieam. 

Betula  Linnaeus.      I'irdi. 
Betula  populifolia  Marshall.     (!ray  Birch,  Old  I'ield  Hirch. 

\'eiy  coiinuoii.     A  forest  wood,  on  pastures,  eleariu^s,  and  in  wood-. 
Betula  papyrifera  Marshall.     [ITS").]     White,  Canoe,  or  Paper  Kirch. 
Btlula  iillxi  jHipyrifcrd  (Marsli.)     Spach. 
Betula  papyracea  Alton.     (17<S().] 

Froqupnt,  most  ahundaiit  in  Meadow  Water  tract. 
Betula  lenta  Linnaeus.     Hi.nk,  Cherry,  or  Sweet  Birch. 

('onunon  on  well-drained  soils. 
Betula  lutea  Michaux  fils.     Yellow  Birch,  Silver  Hii<li. 
Frequent  on  rich  moist  or  wet  situations. 

Alnus  Hill.     Alder. 
Alnus  incanus  (  L.)     Moencii.     Speckled  or  Hoary  Alder. 

Common  on  wet  ground,  .swamps  and  borders  of  stream.s. 
Form  here  is  not  so  typically  gray  tomentose  beneath  as  occurs  finther 
north  and  in  some  other  regions. 
Alnus  rugosa  (Du  Roi)  Sprenger.     Smooth  .Vlder. 
Betula  alnus  rugof<a  Du  Roi  [1771.] 
Almis  serrulata  Willdenow.     [1805.] 
Less  common  than  A.  incana. 

Plants   with   characters  intermediate    between    the.se    two  alders   are 
common  in  Petersham. 

Fagaceae.     Beech  Familj'. 
Fagus  Linnaeus.     Beech. 

Fagus  grandifoha  Khrhart.     [1788.]     Beech,  American  lieech. 
Fagus  ferruginea  Alton.     [1789.] 
Fagus  americana  Sweet.     [1826.] 

Occasional  as  individuals  or  groups  in  well-drained  woods. 

Castanea  Hill.     Chestnut. 
Castanea  dentata  (Marsh.)  Borkhausen.     [1800.]     American  Chestnut. 
Fagus  castanea  dentata  Marshall.     [1785.] 
Castanea  saliva  americana  Sargent. 
Castanea  vesca  americatia  Michaux.     [1803.] 
Common  and  important  tree. 

Quercus  Linnaeus.     Oak. 
Quercus  alba  Linnaeus.     White  Oak. 

Conunon,  in  various  soils  and  situations. 
Quercus  prinus  Linnaeus.     Chestnut  Oak. 

Found  near  Petersham  (ShutesburjO  but  not  yet  noted  in  Harvard 
Forest. 
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Quercus  rubra  Linnaeus.     Red  Oak. 

Common,  especially  in  rich  soil  and  protected  situations. 
Of  commercial  importance  in  Harvard  Forest. 
Quercus  coccinea  Muenchhausen.     Scarlet  Oak. 

Rather  rarely  found  in  Harvard  Forest. 
Quercus  velutina  Lamarck.     [1783.]     Yellow  Oak,  Black  Oak. 
Quercus  tinctoria  Bartram.     [1791.] 
Quercus  coccinea  tinctoria  (Bartr.)     A.  De  Candolle. 

Common  throughout  the  drier  or  better  drained  parts  of  the  forest. 

Ulmaceae.     Elm  Family. 
Ulmus  Linnaeus.     Elm. 

Ulmus  americana  Linnaeus.     American  Elm,  White  Elm. 

Common,  woods  and  fields. 
Ulmus  fulva  Michaux.     Slippery  Elm,  Red  Elm. 

Ulmus  pubescens  Walter  [1788]   has   been   taken   by   some  authors  for 
this  species  but  is  generally  ignored  because  Walter's  description 
is  inadequate  and  leaves  uncertainty  as  to  the  tree  he  attempted 
to  name. 
Rather  rare,  planted  in  Petersham  and  apparently  native  in  vicinity 
of  the  Harvard  Forest. 
Ulmus  campestris  Linnaeus.     English  Elm. 

This  native  of  Europe  is  planted  in  Petersham  and  is  rarely  found 
escaped  from  (uiltivation.  Other  foreign  species  of  elms  oi:.  hybrids  are 
also  planted. 

Berberidaceae.     Barberry  Family. 
Berberis  Linnaeus.     Barberry. 
Berberis  vulgaris  Linnaeus.     Common  Barberry. 

Native  of  Europe.  Planted  in  Petersham  and  occasionally  natural- 
ized in  Harvard  Forest. 

Lauraceae.     Laurel  Family. 

Sassafras  Nees. 

Sassafras  sassafras  (L.)  Karsten.     Sassafras. 
Laurus  saasafras  Linnaeus.     [1753.] 
Sassafras  variifolium  (Salisb.)     Kuntze. 
Laurus  variifolia  Salisbury.     [1796.] 
Sassafras  officinale  Nees  and  Ebermeir.     [1830.] 
Rather  rare,  on  dry  ground,  usually  small. 

Benzoin  Fabricius. 

Benzoin  aestivale  (L.)  Nees.     Spine  Bu.sh,  Fever  Bush. 
Laurus  aestivalis  Linnaeus.     [1753.] 
Lindera  benzoin  (L.)     Blume. 
Laurus  benzoin  Linnaeus.     [1753.] 
Benzoin  benzoin  (L.)     Coulter. 
Frequent,  in  moist  or  w(!t  places. 
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Saxifragaceae.     Saxifrage  Family. 

Ribes  Liimaciis.     ("iinant,  CJoosoberry. 

Ribes  cynosbati  Linnaeus.     Prickly  Gooseberry. 

Occasionally  founil  in  woods  and  alonji  fences. 
Ribes  vulgare  Lamarck.     Red  Currant. 

Native  of  Europe,  cultivateil  in  Kar(i('ns  and  occasif)naIly  found  es- 
caped in  woods.  Has  becMi  calh^d  Rihis  rubrum,  which  name,  however, 
properly  belongs  to  another  specicis. 

Philadelphus  Linnaeus.     Mock  Orange,  Syringa. 

Philadelphus  coronarius  Linnaeus.     Mock  Orange. 

Old  World  .species,  planted  and  occasionally  escai)cd  from  cultivation. 

Hamamelidaceae.     W  itch  Hazel  Family. 
Hamamelis  Limiacus.     Witch  Hazel. 
Hamamelis  virginiana  Liimaeus.     Witch  Hazel. 

A  common  shrub,  found  in  both  moist  ami  moderately  dry  situations, 
chiefly  in  shady  woods. 

Platanaceae.     IMane  Tree  Family. 

Platanus  Lindlcy.     Buttonwood,  Sycamore. 

Platanus  occidentalis  Linnaeus. 

N'ery  rare  in  Harvard  Forest,  rich  soil. 

Rosaceae.     Rose  Family. 
Spiraea  Linnaeus. 

Spiraea  latifolia  (Ait.)  Borkhausen.     Meadow-sweet. 

Formerly  called  Spiraea  salicifolia  by  many  writers  on  the  flora  of 
Northeastern  America,  but  that  is  a  distinct  .species  not  known  to  occur 
within  this  range. 

Common,  pixstures,  open  woods,  moist  gromid,  roadsides. 
Spiraea  tomentosa  Linnaeus.     Hardhack. 
Common,  ])astures,  low  grounds. 

Various  introduced  Spiraeas  are  planted  in  Petersham  or  rarely  found 
near  home  sites  in  the  Harvard  Forest.  The  hybrid  Spiraea  vanhouUei 
is  one  of  these. 

Malus  Hill.     Apple. 

Malus  malus  (L.)  Britton.     Common  Apple. 
Pyruis  malus  Linnaeus.     [1753.] 
Malus  sylvestns  Miller.     [1768.] 

This  native  of  the  Old  World  is  \ery  generally  escaped  from  cultiva- 
tion and  ha.s  become  naturalized  along  roadsides,  in  fields,  and  in  woods, 
showing  great  variation  in  fruit  and  other  characters.  Malus  sotdardi 
(Bailey)  Britton.  Soulard  Crab.  Pyrits  soulardi  Bailey.  An  interest- 
ing apjjarent  hybrid  between  the  Common  Apple  of  the  Old  ^^'orld  and 
Malus  ioensis,  a  crab  apple  native  in  the  Middle  States.  It  was  planted 
on  the  Prospect  Hill  tract,  with  other  apples,  by  former  owners. 
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Pyrus  Linnaeus.     Pear  Family. 
Pyrus  communis  Linnaeus.     Common  Pear. 

This  native  of  the  Old  World  has  been  planted  and  rarely  escaped 
from  cultivation. 

Cydonia  Miller.     Quince. 

Cydonia  cydonia  (L.)  Persoon.     Common  Quince. 
Pyrus  cydonia  Linnaeus.     [1753.] 
Cydotiia  vulgaris  Persoon.     [1807.] 

Introduced  and  persisting  in  abandoned  orchards,  Prospect  Hill  tract. 

Aronia  Persoon.     Chokeberry,  Dogberry. 

Aronia  atropurpurea  Britton.     Purple-fruited  Chokeberry. 
Pyrus  arbutifulia  atropurpurea  (Britton)     Robinson. 
Frequent. 
Aronia  nigra  (Med.)  Dippel.     Black  Chokeberry. 
Halinia  arbulifolia  nigra  Medicus.     [1793.] 
Pyrus  nigra  (Med.)     Sargent. 
Sorhus  melanocarpa  (Willd.)     Heynhold. 
Pyrus  melartocarpa  (Mich.)     Willdenow. 
Mespilus  arbulifolia  melanocarpa  Michaux.     [1803.] 

Very  common.     The  chokeberries  in  this  region  show  a  great  deal  of 
variation,  so  that  other  species  or  varieties  may  yet  be  separated. 
Sorbus  americana  Marshall.     [1785.]     American  Mountain  Ash. 
Pyrus  americana  (Marsh.)     De  Candolle. 

Rather  rare,  in  woods  and  along  roadsides,  sometimes  planted  for 
ornament. 

Amelanchier  Medicus.     Juneberry,  Serviceberry,  Shadbush. 
Amelanchier  canadensis  (L.)  Medicus.     Juneberry,  Serviceberry. 
Mespilus  canadensis  Linnaeus.     [1753.] 

Common,  usually  in  dry  or  well-drained  woods,  usually  small  or  shrub- 
like, rarely  becoming  large  with  a  trunk  approaching  a  foot  in  diameter 
and  attaining  50  feet  or  more  in  height. 
Amelanchier  oblongifolia  (T.  &  G.)  Roemer.     Swamp  Shadbush. 
Amelanchier  canadensis  oblongifolia  Torrey  &  Gray.     [1840.] 
Frequent,  u.sually  on  moist  or  wet  ground. 
Amelanchier  spicata  (Lam.)     C.  Koch. 

Uncommon,  Prospect  Hill  tract  and  other  places. 

There  is  much  variation  among  the  Juneberries  of  this  region  and  it 
is  possible  one  or  two  additional  species  may  be  segregated. 

Crataegus  Linnaeus.     Hawthorn,  White. 

Crataegus  rotundifolla  Moench.     [1785.] 

Crataegus  coccinea  rotundifolia  (Moench.)     Sargent. 

()c('asif)nal. 
Crataegus  pastorum  Sargent.     Pasture  Thorn. 

Krc(}Uoiit,  neglected  j)astures,  open  woods,  along  fences  and  roads. 
Crataegus  monogyna  Jacquin.     English  Hawthorn,  White  Thorn. 

Rarely  escaped  from  cultivation.     By  .Vmerican  writers  often  called 
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C.  oxyacdntlid,  a  iiaini'  properly  Ix'Ioiiniiin  to  another  sjjeeies. 

It  is  prohable  lliat  more  so-caIle<|  species  of  C'rataoKU.s  umy  bo  found* 
in  the  Harvard  Forest  and  xicinily.  There  is  much  confusion  among 
authors  in  regard  to  the  specific  iiriiils  and  Tioinenrlature. 

Rubus  Linnaeus.      Haspherry,  iilackherry,  Hrainhle. 
Rubus  odoratus  Mnnaeus.      i'uri)ie  I'lowering  i{asj)bcrry. 

N'ot  common,  occurs  on  the  ililTerent  tracts  of  the  Harvard  I'nrest. 
Rubus  strigosus  Michaux.     Wild  Raspberry. 

Coinnion. 
Rubus  occidentalis  I.iiuiaeus.     'i'lMmbleberry,  Black  Cap  Uasi)berry. 

Fre(|uent. 
Rubus  triflorus  Richards. 

Conunon.     Wet  woods. 
Rubus  allegheniensis  Porter,     lli^iii  Black! )erry. 

Common. 
Rubus  recurvans  Blanchard. 

Occasional.    "Roadsides. 
Rubus  canadensis  Liimaeus. 

Barre  Road,  banks  of  Swift  River. 
Rubus  setosus  Bigelow. 

Near  Brooks's  Pond. 
Rubus  hispidus  Liimaeus. 

C'onmion.      Low  woods. 
Rubus  villosus  Ait  on.     Dewberry. 

Common.     Open  places 

Rosa  Linnaeus.     Ro.se. 
Rosa  nitida  \\'illdenow. 

In  Meadow  Water  swamp. 
Rosa  rubiginosa  Linnaeus.     Sweetbrier. 

Occasional,  escaped  from  cultivation  into  old  pastures. 
Rosa  cinnamomea  Linnaeus.     Cinnamon  Rose. 

This  Old  World  rose,  with  semidouble  flowers,  occurs  on  the  Meadow- 
Water  tract  and  other  parts  near  sites  of  former  homesteads. 

Prunus  Linnaeus.     Plum,  Cherry,  Peach. 

Prunus  serotina  Ehrhart.     Wild  Black  Cherry,  Rum  Cherry. 
Common,  in  woods,  along  roadsides,  and  in  pastures. 
Becomes  of  good  timber  size  in  moist  situations  in  mixture  with  white 
ash,  yellow  birch,  red  maple,  etc. 
F*nmus  virginiana  Linnaeus.     Choke  Cherry. 

Fre(|uent  in  open  woods  and  along  roadsides. 
Pninus  pennsylvanica  Liimaeus  fils.     Wild   Red  Cherry,  Bird.  Pin,  or  Fire 
Cherry. 
Very  common  on  old  iiastures,  on  old  burned  areas,  along  roadsides, 
and  in  o|)en  woods  with  quaking  aspen,  etc. 
F*runus  avium  Linnaeus.     Sweet,  Black,  or  Mazzard  Cherry. 

Introduced  from  Europe,  the  common  Garden  Cherrj'  of  New  England, 
occasionally  found  escaped  in  woods. 
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Prunus  cerasus  Linnaeus.     Sour  or  Morollo  Cherry. 

From  Europe,  cultivated  and  occasionally  becoming  wild  along  fences, 
roadsides,  etc. 
Prunus  nigra  Alton.     Canada  Plum,  Horse  Plum. 

Occasional  along  roadsides  and  fences.     Probably  escaped  from  cul- 
tivation and  not  strictly  native  in  this  locality. 
Prunus  persica  (L.)  Stokes.     Peach. 
Amygdalus  persica  Linnaeus. 

In  abandoned  orchards  and  escaped  from  cultivation. 

Leguminosae.     Pulse  Family. 
Robinia  Linnaeus.     Locust. 
Robinia  pseudacacia     Linnaeus.     Locust,     Common,     Black,    Yellow,    and 
\\'hite  Locust,  False  Acacia. 
Escaped  from  cultivation  and  naturalized  in  Harvard  Forest  and  other 
parts  of  Petersham. 

Anacardiaceae.     Cashew  Family. 
Rhus  Linnaeus.     Sumachs. 

Rhus  hirta  (L.)  Sudworth.     Staghorn  Sumach. 
Datisca  hirta  Linnaeus.     [1753.] 
Rhus  typhina  Linnaeus.     [1760.] 

Common  in  old  fields,  clearings,  and  along  roads  and  fences. 
Rhus  glabra  Linnaeus.     Smooth  Sumach. 

Often  occurs  with  Staghorn  Sumach  and  about  equall}'  common. 
An  apparent  hybrid  between  R.  typhina  and  R.  glabra  occurs  on  the 
Prospect  Hill  tract.     It  is  a  pistillate  plant. 
Rhus  copallina  Linnaeus.     Mountain  Sumach,  Dwarf  Sumach. 

Not  common,  in  old  pastures  and  open  woods. 
Rhus  vernix  Linnaeus.     [1753.]     Poison  Sumach,   Poison   Dogwood,   Poison 
Elder. 
Rhus  venenata  De  Candolle.     [1825.] 
Frequent  on  wet  ground  or  swamps. 
Rhus  toxicodendron  Linnaeus.     Poison  Ivy,  Poison  Oak. 

Very    common,    usually    trailing    or    climbing,    sometimes    bushy    or 
shrub-like. 

Aquifoliaceae.     Holly  Family. 
Ilex  Linnaeus.     Holly. 
Ilex  verticillata  (L.)  A.  Gray.     Winterberry,  Black  Alder. 
Prinos  verticillata  Linnaeus. 
Very  common,  usually  in  moist  or  wet  ground;   very  variable. 
Ilex  laevigata  (Pursh.)  A.  Gray.     Smooth  Winterberry. 
Prinos  laevigata  Pursh. 

Local  but  common  in  some  swamps.  Prospect  Hill  ti'act,  also  Meadow 
Water. 

Ilicioides  Dumont. 
Ilicioides  mucronata  (L.)  Britton.     Mountain  Holly. 
Vaccininw  mnrrnriatiim  Linnaeus.      [1753.] 
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Nemopanthus  mucwnnln  (L.)  TrcIciLsc. 
Ncnio/uiiithiis  caitadcmtin  De  CuiuloIIo.     1I.S21.| 
('(imiiion  in  swamps  or  wet  ground  in  woods. 

Whilo  the  K^nt^n''  niinic  Nomnpanthiis  of  Riifinosqiio  [1.S19)  li:i^  licin 
iis(»(l  most  often  it  scciiis  projii-r  thai  tlic  older  Ilicioides  |1S0'J|  should 
l)c  followed. 

Celastraceae.     StalT  'i'lcc  I'arnily. 
Celastrus  Limi;icii,-;. 

Celastrus  scandens  Linnaeus.     Waxwtirk,  Cliinhinfi  Bitter-sweet. 
Oeeasional,  Prospect  Hill  tract  and  other  places. 

Euonymus  Linnaeus.     Spindle  Tree. 

Euonymus  atropurpureus  .lacciuiii.      Murtiin^  Hush.  W  ahoo. 

Planted  and  naturalized  at   ll.irvard  IIou.sc,  I'rospecl  Hill  tract. 

Aceraceae.     Mapk^  Kainih*. 
Acer  Linnaeus.     Maple. 

Acer  pennsylvanicum  Liiuiaeus.     Striped  Maple,  Moosewood. 

Occurs  scattered  through  woods,  frequent. 
Acer  spicatum  Lamarck.     Spiked  ALi[)le,  Mountain  .\hiple. 

Much  less  ahvuidant  than  the  Striped  .\Lii)le. 
Acer  saccharum  .\hirshall.     [17S").]     Sugar  NLiple,  Rock  Maple. 
Acer  saccharinum  Wangenheim  [17S7],  not  Linnaeus  [ITolS]. 
Common,  attaining  good  size  and  of  commercial  importance. 
Acer  rubrum  Linnaeus.     Red,  Swamp,  or  Soft  Maple. 

\  (!>  common,  especially  in  low  ground.     \'alued  as  cord-wood. 
Acer  saccharinum  Linnaeus     [17.5.3].    not     Wangenheim     [17S7].     White     or 
Silver  Maple  also  Soft  Maple. 
Aar  tlnsijcari)U>»  Khrhart.     [17S9.] 

Planted  hut  not  indigenous  in  this  locality. 
Acer  negundo  Liimaeus.     [17.")3.]     Ash-leaved  Maple,  Box  Elder. 
Negundo  aceroideti  Moench.     [1794.] 
Planted  occasionally  but  not  native  in  this  region. 
Acer  platanoides  Linnaeus.     Norway  Maple. 

Native  of  Europe,  planted  in  Petersham  as  a  street  or  shade  tree. 
Other  species  of  Maples  are  rarely  planted  in  the  town. 

Hippocastanaceae.     Horsechestnut  Family. 
Aesculus  Linnaeus.     Horsechestnut,  Buckeye. 

Aesculus  hippocastanum  Liimaeus.     Horsechestnut. 

Natixc  of  IJuope,  planted  for  ornament  and  occasionally  escaped 
in  woods. 

Rhamnaceae.     Buckthorn  Family. 
Rhamnus  Linnaeus,     liuckthorn. 

Rhamnus  cathartica  Linnaeus.     Common  Buckthorn. 

Native  of  Europe,  planted  and  frequently  become  naturalized. 
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Vitaceae.     Grape  Family. 
Vitis  Linnaeus.     Grape. 
Vitis  labrusca  Linnaeus.     Common  Wild  Grape,  Northern  Fox  Grape. 

Common. 
Vitis  aestivalis  Michaux.     Summer  Grape. 

On  stone  walls,  apparently  native. 
Vitis  vulpina  Linnaeus.     [1753.]     River-])unk  Grape. 
Vitis  riparia  IMichaux.     [1803.] 
Occasionally  on  stone  walls  or  fences,  seeming  native. 
Grapes  of  various  varieties  were  formerly  planted  along  stone  walls 
and  fences  by  members  of  the  Adonai  Showo  community  and  perhaps 
others.     These  plants  now  have  the  apjjearance  of  being  at  least  half 
wild.     They  are  north  on  the  Prospect  Hill  tract. 
Psedera  Necker  ( Ampelopsis) .     Virginia  Creeper,  American  Woodbine. 
Psedera  quinquefolia  (L.)     Greene. 

Hedera  quinquefolia  Linnaeus.     [1753.] 
Ampelopsis  quinquefolia  (L.)     Michaux.     [1803.] 
Parthenocissus  quinquefolia  (L.)     Planchon.     [1887.] 
Common. 
Psedera  vitaceae  Greene. 

Roadsides,  apparently  native,  perhaps  escaped  from  cultivation. 

Tiliaceae.     Linden  Family. 
Tilia  Linnaeus.     Linden,  Basswood. 
Tilia  americana  Linnaeus.     Basswood,  American  Linden,  Whitewood. 

Occurs  in  mixture  with  other  deciduous  trees  of  Harvard  Forest   in 
rich  situations. 

Phymelaeceae.     Mezereum  Family. 

Dirca  Linnaeus.     Leather  wood. 

Dirca  palustris  Linnaeus.     Wicopy,  Leatherwood,  Moosewood. 
Rare.     Found  along  roadside.  Slab  City  tract. 

Araliaceae.     Ginseng  Family 
Aralia  Linnaeus. 
Aralia  hispida  Ventenat.     Bristly  Sarsaparilla. 
Occasional. 

Comaceae.     Dogwood  Family. 

Comus  Linnaeus.     Cornel,  Dogwood. 
Cornus  florida  Linnaeus.     Flowering  Dogwood,  Boxwood. 

Local  in  Petersham,  not  yet  found  wild  in  Harvard  Forest. 
Comus  rugosa  Lamarck.     [1786.]     Round-leaved  Cornel. 
Cornus  circinata  L'Heritier.     [1788.] 
Occasional,  roadsides  and  open  woods. 
Cornus  amomum  Miller.     [1768.]     Silky  Cornel. 
Cornus  scricea  Linnaeus.     [1771.] 

Rather  rare  in  Harvard  Poorest,  on  moist  ground. 
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Cornus  obliqua  Hatinosquc.     [ISl!).]     Xarrow-Icavcd  Silky  Cornel. 
Corn  IIS  /inrpiisi  Kocliiic.      [IS'.l'.f.] 

Rjirc  ill  Harvard  Forest,  moist  urmiiui  and  lialtle  to  he  confused  with 
C.  (tniotnum. 
Cornus  stolonifera  Micljatix.      Itod-osicr  Dogwootl. 

Planted  in  I'etershani  l)Ul  not  yet  recoKnizcd  iis  wild  thero. 
Cornus  racemosa  Lamarck.     |178().]     Panicled  Cornel. 
Cornus  pd/iicuUitn  L'Heritier.     [IT.SS.] 
Conius  (•(iiididissiina  (?)  Marshall.     [1785.] 
Frequent,  alonji  roadsides  and  in  woods. 
Cornus  altemifolia  Linnaeus  fils.     Altornato-leaved  Dof^wood. 
Common  alonji  roadsides  and  in  open  woods. 

Nyssa  Linnaeus.     Tupelo,  Pepperidge,  Sour  Cum. 
Nyssa  sylvatica  Marshall.     [1785.] 

Nystid  inultijlora  Wangcnheini.     [1787.] 
Frequent,  chiefly  in  moist  or  wet  ground- 
Ericaceae.     Heath  Family. 
Rhododendron  Linnaeus. 
Rhododendron  viscosum  I L.)     Torn-y.     Clammy     Azalea,     White     Swamp 
Azalea,  or  Honeysuckle. 
Azalea  nxcosa  Linnaeus. 

I'nconnnon  in  swampy  situations. 
Rhododendron  canescens  (Mich.j  Porter.     Purple,  Pink,  or  Wikl  Azalea  or 
"  Honeysuckle.'' 
Azalea  canescens  Michau.x. 

Common  in  swamps,  also  in  drier  ground. 

This  is  the  Azalea  nudiflora  or  Rhododendron  niidijloruin  of  various 
Manuals  and  Floras  of  eastern  North  America. 

The  true  R.  nudijlorum    however,  which  closely  resembles  R.  canes- 
cens, is  not  known  to  occur  in  this  locality. 
Rhododendron  canadense  (L.)  B.S.P.     Rhodora. 
h'li(i(loni  riiiiiuli  nsis  Linnaeus.     [1762.] 
Rhodmli  ndron  rhodora  U.  Don.     [1S34.] 

Common  in  a  few  localities  in   Har\ard   Forest  and  other  parts  of 
Petersham. 

Kalmia  Linnaeus. 
Kalmla  latifolia  Linnaeus.     Mountain  Laurel,  Calico  Bush. 

Plentiful   in  a  few  localities  and  frequent  scattered  individuals.     In 
woods  and  thickets  especially  under  shade  of  overwood. 
Kalmia  angustifolia  Linnaeus.     Sheep  Laurel,  Lamhkill. 

Old  fields  and  wet  ground,  common. 
Kalmia  polifolia  Wangenheim.     [1787.]     Pale  or  Swamp  Laurel. 
Kalmia  ylauca  Alton.     [1811.] 

Occasional,  in  cold  sphagnum  swamps. 

Leucothoe  D.  Don.     Fetter  Hu!*h. 
Leucothoe  racemosa  (L.)     Cray. 

Andromeda  racemosa  Linnaeus.     [1753.] 
Uncommon  or  rare,  wet  places. 
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Andromeda  Linnaeus. 

Andromeda  glaucophylla  Link.     Bog  or  Mar.sh  Rosemary. 

Rare  or  local  in  cold  wet  bogs  or  "  muskegs,"  not  yet  noticed  in  Har- 
vard Forest.  This  is  enumerated  as  Andromeda  ■polijolia  Linnaeus  in 
many  Manuals  and  Floras  of  North  America  but  that  name  applies  to 
the  European  species  which  is  now  generally  regarded  as  distinct. 

Lyonia  Nuttall. 

Lyonia  ligustrina  (L.)  De  Candolle. 

Vacciiiiuin  ligustrinum  Linnaeus.     [1753.] 
Andromeda  ligustrina  (L.)  Muhlenberg. 
Xolisma  ligustrina  (L.)  Britton. 

Common  throughout  the  region,  preferring  moist  or  wet  places. 

Chamaedaphne  Moench. 

Chamaedaphne  calyculata  (L.)  Moench.     Leather  Leaf,  Cassandra. 
Andromeda  calyculata  Linnaeus.     [1753.] 
Cassandra  calyculata  (L.)  D.  Don. 

Wet  sphagnum  swamps.  Very  abundant  on  Meadow  Water  tract 
covering  many  acres  of  the  shalloVer  parts  of  the  pond. 

Epigaea  Linnaeus.     Mayflower,  Trailing  Arbutus. 

Epigaea  repens  Linnaeus.     Mayflower. 
Plentiful  in  localities. 

Gaultheria  Linnaeus. 

Gaultheria  procumbens  Linnaeus.     Checkerberry,  Teaberry. 
Abundant  in  localities,  woods  and  clearings. 

Chiogenes  Salisbury. 

Chiogenes  hispidula  (L.)  Torrey  &  Gray.     Creeping  Snowberry. 
Vaccinium  hispidulum  Linnaeus 
Occurs  on  sphagnum  in  cold  wet  bogs. 

Vaccinium  Linnaeus.     Blueberry,  Cranljerry. 

Vaccinium  pennsylvanicum  Lamarck.     Dwarf  or  Early  Blueberry. 

Common,  dry  .situations,  fields  and  woods. 
Vaccinium  vacillans  Kaln.     Late  Low  Bluebeny. 

Common,  dry  soil. 
Vaccinium  canadense  Kalm.     Canade  Blueberry. 

Apparently  uncommon,  wet  places. 
Vaccinium  corymbosum  Linnaeus.     High-bush  or  Tall  Blueberry. 

Coiiinion,  swamps  or  drier  situations. 
Vaccinium  atrococcum  (Cray)  Heller.     Black  High  Blueberry. 
Vaccinium  an'ymbosuni  atrococcum  Cray. 

Occasional.     It   seems   doubtful   whether    this    blueberry    should    be 
considerefl  specifically  distinct  from  V.  corymbosum. 
Vaccinium  oxycoccus  Liimaeus.     Small-fruited  Cranberry. 

Uncommon.     Meadow  Water  tract. 
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Vaccinium  macrocarpon  Alton.     I.arjic-fniilcd  (  r.-uilx-nv 
().ryri)rciis  nidcrucarputi  (Ait.)  Pur.sli. 

IMontiful  on  .some  sphaniuiin-coNcrcd  1)ok.'<  :iii<l  wft  placo, 

Gaylussacia  lliinilioMt  Hoiiplaml  \  Kmiili.      Huckleberry. 

Gaylussacia  baccata  (Wan^.)  K.  Kodi.     lilack  Ilucklclxrry. 
AiiilraffKilii  Inicnttii  \\  aiigeiiheiiii.      [17S7.| 
\'(iccinium  resinosum  Aiton.     (1789.1 
Haylussacia  rennosa  (Ait.)  Torrey  &  Gray. 

Common,  both  wet  and  dry  situations,  old  pastures,  ete. 

Oleaceae.     Olive  Family. 
Fraxinus  Linnaeu.s.     A.><li. 
Fraxinus  americana  Liiiiiaeu.s.     White  Ash. 

Coiniiion,  in  rich  .soils.     Of  commercial  importance  in  Harvard  Forest. 
Fraxinus  nigra  Manshall.     [1785.]     Hlack  Ash. 
Fraxinus  sambucifolia  Lamarck.     [1786.] 

Occurs  in  .swamps,   not   plentiful   and   of  little  economic  im|)ortance 
here. 

Syringa  Linnaeus.     Lilac. 
Syringa  vulgaris  Linnaeus,     ('oiiunon  Lilac. 

Kscapeil  from  cultivation,  abandoned  homesteads,  etc. 

Ligustrum  Linnaeus.     Privet. 
Ligustrum  vuigare  Linnaeus.     Common  Privet. 
Rarely  naturalized  from  cultivated  plants. 

Solanaceae.     Nightshade  Family. 
Solanum  dulcamara  Linnaeus.     Bittersweet. 
()cca>ional.     .Naturalized  from  P^urope. 

Bignoniaceae.     Trumpet  Cree{)er  Family. 
Tecoma  Jussieu. 
Tecoma  radlcans  (L.j  De  Camlolle.     Trumpet  Creeper. 
Bignonia  radicans  Linnaeus.     [1753.] 
Escaped  from  cultivation,  old  house  site  on  Prospect  Hill  tract. 

Rubiaceae.     .Madder  Family. 
Cephalanthus  Ivinnaeus. 
Cephalanthus  occidentalis  Linnaeus.     Hutton-bush. 

Very  wet  bojiiry  places.  Meadow  Water  tract,  etc. 

Caprifoliaceae.     Honey.suckle  Family. 
Diervilla  Moench. 
Diervilla  diervilla  (L.)  MacMillan.     Bush  Honeysuckle. 
Lonicera  diernlla  Linnaeus.     [1753.] 
Diervilla  lonicera  Miller.     [1759.] 
Diervilla  trifula  Moench.     [179-1.] 

Common,  dry  woods,  roadsides,  and  old  fields. 
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Lonicera  Linnaeus.     Honeysuckle. 
Lonicera  coerulea  Linnaeus.     Blue-fruited  Honeysuckle. 
Common  on  wet  meadows  or  swamps. 

This  species  of  Honeysuckle  is  found  in  some  of  its  forms  in  the  north- 
ern parts  of  Europe  and  Asia  as  well  as  North  America.     Our  form  is 
sometimes  differentiated  as  Lonicera  coerulea  villosa. 
Lonicera  canadensis  Marshall.     [1785.]     Canadian  Honej'suckle. 
Lonicera  ciliata  Muhlenberg.     [1813.] 
In  woods,  occasional. 
Lonicera  dioica  Linnaeus.     [1753.]     Glaucous  Honeysuckle. 
Lonicera  glauca  Hill.     [1769.] 
In  woods,  rare. 
Lonicera  tartarica  Linnaeus.     Tartarian  Honeysuckle. 
Is  rarely  found  escaped  from  cultivation. 

Symphoricarpos  Jussieu. 
Symphoricarpos  racemosus  laevigatus  Fernald.     Snowberry. 
Escaped  from  cultivation,  rare. 

Viburnum  Linnaeus. 
Viburnum  alnifolium  Marshall.     [1785.]     Hobble-bush.     Witch  Hobble. 
Viburnum  lantanoides  Michaux.     [1803.] 

Numerous  colonies  and  individuals,  mainly  in  rich  shady  woods. 
Vibiunum  acerifolium  Linnaeus.     Maple-leaved  Viburnum  or  Arrow-wood. 

Common,  drj'  woods,  openings,  and  roadsides. 
Viburnum  dentatiun  Linnaeus.     Arrow-wood. 

Common,  open  woods,  roadsides. 
Vibummn  cassinoides  Linnaeus.     Withe-rod. 

Very  common.     Chiefly  rich  moist  soils  and  swamps. 

Sambucus  Linnaeus.     Elder. 
Sambucus  canadensis  Linnaeus.     Common  or  Black-Berried  Elder. 

Common  in  moist  places. 
Sambucus  pubens  Michaux.     Red-berried  Elder. 

Sambucus  racemosa  is  the  name  sometimes  given  to  our  Red-berried 
Elder  by  American  authors  but  it  is  here  restricted  to  the  European 
plant  which  was  named  by  Linnaeus  and  which  closely  resembles  ours. 


NOTES  ON  THE   GROWTH   OF  WESTERN   YELLOW 
PINE   IN   THE    liLACK    HILLS 

(JURDON    PaUKKK 

The  only  tree  of  conimercial  importance  in  the  Rlaek  Hills  of 
South  ])akota  is  the  Western  Yellow  Pine  (Finns  ponderosa 
scopulorum,  Enf?elm.).  There  are  a  few  other  trees  in  that  section 
which  sometimes  attaiti  timber  size,  notably  white  spruce  (Picea 
canaden.si.s,  [Mill.]  B.S.P.),  cpiakinff  aspen  (Popidn.s  tremnloides, 
^lichx.),  and  in  one  very  small  area  a  little  lodj^epole  pine  (Pinus 
nnirrayana,  "  Oreg.  Com."),  but  they  are  all  either  so  \unn-  in 
(|uality  or  so  small  in  (juaiility  I  hat  they  |)ractically  nexcr  appear 
in  the  local  markets. 

Last  summer  a  study  was  undcTtaken  in  the  Black  Hills  Na- 
tional Forest  to  determine  a  definite  relation  between  the  a^e 
of  this  western  yellow  pine  and  its  diameter  at  breast  height  for 
that  region.  The  writer  assisted  in  collecting  and  working  up 
the  data  on  this  study.  A  brief  account  of  the  work  and  of  its 
results  may  be  of  interest. 

The  data  was  collected  on  ten  different  sections  in  five  town- 
ships, thus  largely  ol)viating  the  effect  of  any  one  set  of  factors 
of  locality  since  average  figures  were  desired.  Several  logging 
operations  in  different  places  afforded  an  excellent  opportunity 
for  the  w'ork  on  trees  of  timber  size  (twelve  inches  n  h  h  and 
up),  and  sufficient  trees  of  smaller  sizes  were  cut  to  gi\'c  at  least 
twelve  trees  in  each  inch  class  of  n  b  ii  down  to  six  inche>. 

There  was  little  or  no  variation  of  stump  height  according  to 
the  size  of  the  tree.  The  stumps  were  usually  cut  about  as  low 
as  the  nature  of  the  ground  would  permit,  the  average  height  of 
stump  of  '5()G  trees  being  l.'-28  feet,  or  15.3(5  inches. 
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An  analysis  of  seedlings  up  to  eighteen  inches  high  was  made 
on  a  total  of  31S  trees,  the  measurement  being  total  height  growth 
for  age.     The  results  gave  the  following  table:  — 

Height  Age  Height  Age  Height  Age 


inches 

years 

inches 

years 

inches 

years 

1 

1.2 

7 

7.8 

13 

12.6 

2 

2.2 

8 

8.9 

14 

13.3 

3 

3.3 

9 

9.7 

15 

13.9 

4 

4.5 

10 

10.5 

16 

14.5 

5 

5.7 

11 

11.3 

17 

15.4 

6 

6.7 

12 

12.0 

18 

16.2 

And  from  this  table  it  is  seen  that  the  average  age  of  a  stump 
15.36  inches  high  is  just  over  fourteen  years. 

Stump  analyses  were  made  in  the  regulation  way  on  367  trees, 
the  annual  rings  being  counted  from  the  outside  in  along  the 
average  radius,  every  tenth  ring  being  marked,  and  the  measure- 
ments then  being  taken  from  the  center  out  to  each  marked  ring, 
accurate  to  the  nearest  fortieth  of  an  inch.  d  b  h  measure- 
ments also  were  carefully  taken  on  each  tree.  Although  notes 
were  made  as  to  situation,  slope,  tree  class,  etc.,  those  facts 
were  not  considered  in  working  up  the  data.  It  was  thought 
that  by  combining  all  the  trees  in  a  single  set  of  figures  the  results 
would  be  fairly  typical  of  the  stands  on  any  large  areas  in  this 
region,  since  such  stands  always  contain  a  more  or  less  constant 
proportion  of  faster  and  slower  growing  trees. 

The  average  age  at  the  stump,  taken  from  366  trees,  was  169 
years.  Adding  the  seedling  age  to  this  figure  gives  183  years  as 
the  average  total  age  of  the  trees  analyzed.  The  youngest  tree 
was  65  years  old  at  the  stump,  and  the  oldest  368  years. 

Great  variation  in  the  rate  of  growth  of  individual  trees  was 
found.  The  extremes  noted  were  170  years  of  age  with  a  stump 
diameter  inside  bark  of  6.2  inches,  and  194  years  of  age  with  a 
stump  diameter  of  33.8  inches.  The  average  tree  of  average 
age,  183  years,  should  have  a  stump  diameter  of  15.3  inches. 

The  D  B  H  measurements  were  plotted  on  d  i  b  at  stump 
and  the  relation  between  them  was  thus  established.  This  gave 
the  following  table  based  on  351  trees. 
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TluMi  the  radial  mea.surciiKMit.s  were  ploltccl  on  ji^'c,  I  lie  rrsiilt.s 
carefully  averaged,  and  the  .slijihl  irrej^nlarilie.s  reinoNed  by  a 
curve.     Through  thi.s  .set  of  figures  the  following  tal)le  was  ob- 


tained 


Actual  Age               Radius  in.sifle  hark  I)  I  H  I)  H  H 

aKf  at  stump  on  stump  at  stump 

years  years  inches  inches  iniho 

10 

'20  ()  .:$  .6 

:H)  10  .!)  1.8 

40  -20  !..->  3.0 

.")0  :{(i  '2.15  4.3 

0(1  k;  i.H  5.6 

70  .5(i  3.45  6.9  6.8 

80  06  4.0  8.0  7.8 

!)0  76  4.5  9.0  8.8 

100  86  4.95  9.9  9.8 

110  96  5.4  10.8  10.8 

120  106  5.8  11.6  11.7 

l.'iO  116  6.15  12.3  12.4 

140  126  6.5  13.0  13.2 

150  1.36  6.8  13.6  13.8 

100  146  7.1  14.2  14.3 

170  156  7.35  14.7  14.8 

ISO  166  7.6  15.2  15.2 

190  176  7.8  15.6  15.6 

200  186  8.0  16.0  15.9 

■210  196  8.2  16.4  16.3 

^2H)  206  8.4  16.8  16.7 

'230  216  8.6  17.2  17.0 

240  226  8.8  17.6  17.4 

250  236  9.0  18.0  17.7 

'200  246  9.2  18.4  18.1 

270  256  9.4  18.8  18.4 

280  266  9.6  19.2  18.8 

'290  276  9.8  19.6  19.1 

300  286  9.95  19.9  10  J 

310  •290  10.15  20.3  l!t.S 
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Finally   plotting   these   d  b  h   figures    on    age   and    smoothing 
out  the  curve  the  final  table  was  secured. 


Age 

DBH 

Age 

DBH 

Age 

DBH 

years 

inches 

years 

inches 

years 

inches 

60 

5.8 

130 

12.4 

228 

17.0 

62 

6.0 

138 

13.0 

230 

17.1 

70 

6.8 

140 

13.2 

240 

17.4 

72 

7.0 

150 

13.8 

250 

17.7 

80 

7.8 

154 

14.0 

257 

18.0 

82 

8.0 

160 

14.3 

260 

18.1 

90 

8.8 

170 

14.8 

270 

18.4 

92 

9.0 

175 

15.0 

280 

18.8 

100 

9.8 

180 

15.2 

286 

19.0 

102 

10.0 

190 

15.6 

290 

19.1 

110 

10.8 

200 

16.0 

300 

19.5 

113 

11.0 

210 

16.3 

310 

19.8 

120 

11.6 

220  , 

16.7 

316 

20.0 

124 

12.0 

LUMHKH    IMMES 

F11AXC13    l{.    Sri;Ki. 

Fli'MEs  are  usocl  very  {'oninionI\-  in  tlie  Far  West  lor  I  lie  trans- 
portation of  lunihrr  from  a  saw-niill,  locatccl  usually  in  the  moun- 
tains, to  the  shi|)|)inti  point  on  a  railroad  or  na\i^al)le  \vat<'r\vay. 
In  ( "alii'ornia.  especially,  this  form  of  transj)ortation  is  xcry 
common.  Hi're  the  flumes  avera^'e  about  five  miles  in  len^flii, 
with  one,  that  of  the  IIume-Hennett  Lumber  Company,  seventy 
miles  long.  The  main  adxantages  of  this  .system  as  compared 
with  railroad  transportation  —  the  only  other  possible  metliod 
for  large  o])erations  in  the  West  —  are:  first,  lower  cost  of  con- 
struction (the  difference  increasing  with  the  grade  and  the  rough- 
ness of  the  country);  and  second,  rather  lower  operation  and 
maintenance  cost.  On  the  other  hand,  a  flume  cannot  be  run 
without  a  plentiful  water  supply,  and  it  gives  no  means  of  trans- 
porting camp  an<l  mill  supplies  up  to  the  woods.  Then,  too,  in 
a  flume  operation  the  saw-mill  must  be  located  at  .some  dis- 
tance from  the  source  of  supplies,  /.  e.  the  railroad  or  the 
waterway,  thus  increasing  the  cost  of  sawing.  Again,  as  the 
fluming  roughens  j)laned  boards  in  such  a  way  as  to  reduce 
their  value,  the  j)laning  mill  must  be  located  at  a  separate  plant 
from  the  saw-mill.  The  same  thing  applies  to  the  lumber  yard, 
dry  kilns,  etc.  Nevertheless,  there  are  a  great  many  situations 
where  a  flume  is  by  far  the  most  economical  method  of  trans- 
portation. 

There  arc  two  main  kinds  of  luml)cr  flumes:  first,  the  box 
flume,  in  which  the  trough  is  rectangular  in  cross  section;  and 
second  the  \'-flume,  in  which  the  trough  is  V-shaped  in  cro.ss 
section.  This  latter  kind  commonly,  but  not  necessarily,  has  a 
"  backbone  "  running  lengthwi.se  along  the  bottom,  which  makes 
a  flat-bottom  trough  with  outward  slanting  sides.  Box  flumes 
carry  as  a  rule  more  water  than  \ -flumes,  and  for  this  reason 
need  to  be  l)uiit   heavier  and  stronger,  thus  increasing  the  cost. 
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For  ties  a  plain  V-fiume  without  "  backbone  "  works  the  best, 
requiring  less  water,  less  watching,  and  costing  less  to  build  than 
either  a  box  or  backbone  V-flume.  For  running  boards  and 
planks,  as  w^ell  as  shingle  bolts,  etc.,  a  box  flume  will,  with  |>lenty 
of  water,  transport  a  greater  amount  of  lumber  than  any  other 
type.  For  rather  limited  water  supply,  and  to  handle  a  mixed 
cut  —  both  boards  and  dimension  stuff  —  a  backbone  V-flume 
gives  the  most  satisfactory  service.  The  capacity  of  V-flumes 
is  commonly  from  thirty  to  fifty  ]M  per  day,  while  the  maximum 
for  this  type  so  far  is  about  one  hundred  M  per  day.  Box  flumes, 
however,  are  in  use  that  carry  as  high  as  three  hundred  M  per 
day  —  the  lumber  in  this  case  being  clamped  together  and  dogged 
end  to  end. 

A  flume  is  located  by  a-a  engineer  in  the  same  way  that  a  rail- 
road is.  It  is  usually  constructed  from  the  upper  end  down- 
wards in  order  to  use  the  completed  portion  of  the  flume  to  trans- 
port lumber  from  the  mill  to  the  point  of  construction.  The 
engineering  costs  usually  about  one  hundred  and  forty  dollars 
per  mile  and  the  construction,  including  labor,  material,  and 
right  of  way,  varies  from  one  to  three  thousand  dollars  per  mile 
according  to  the  height  of  trestles  and  depth  of  cuts  necessary 
(a  flume  usually  not  having  "  cuts  "  of  any  depth,  however, 
as  they  cost  too  much).  The  varying  price  of  labor  also  affects 
the  cost  of  construction.  The  safe  maximum  degree  of  curve 
has  to  be  carefully  determined  in  locating  a  flume,  in  the  same 
way  as  with  a  railroad  location.  The  following  table  has  been 
given  me  by  Mr.  John  P.  Van  Orsdel,  a  well-known  logging 
engineer  of  Portland,  Oregon. 

Maximum  Length  of  Safe  Maximum  Degree 

Lumber  to  be  run  of  Curve 

40    feet  10  degrees 

60      "  8       " 

80      "  6       " 

100-120    "  4 

The  safe  maximum  curve  also  varies  with  the  i)er  cent  of  grade. 
With  a  grade  of  over  three  per  cent  this  factor  may  safely  be 
neglected,  but  with  grades  under  three  j)er  cent  the  safe  maxinuim 
degree  of  curve  diminishes  rapidly  with  the  per  cent  of  grade. 


'•  \. 


Throudli  fir  tiiiihcr. 


Ri<lin(;  tlic  IiiimIict. 


h^^^.     .i^M 
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Trcstli"  on  ii  flmiir  in  OrcKori. 
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The  following  table  is,  I  think,  about  right  for  the  safe  mini- 
mum grade. 

Degree  of  Curve  Safe  Minimum  Grade 

Straight     0.5% 

4  degrees   1-0% 

6       "         1.5% 

8       "         2.0% 

10       "         2.5% 

The  optimum  grade  for  a  flume  is  from  three  per  cent  up  for  a 
straight  flume,  and  correspondingly  higher  on  curves.  There 
is  practically  no  maximum  limit  of  grade,  as  long  as  the  upper 
and  lower  ends  of  the  steep  pitches  are  put  in  with  vertical  tapers. 
The  Three  Pines  Lumber  Company,  in  Oregon,  successfully 
operates  a  twelve-mile  flume  with  a  maximum  grade  of  about 
forty -five  per  cent. 

In  operating  a  flume  the  determining  factor  is  the  water  supply. 
If  this  is  unlimited,  the  flume  can  be  run  full  continuously  and 
lumber  put  in  and  "  run  "  whenever  desired.  This  is  the  easiest 
method  of  operation.  After  the  lumber  is  put  into  the  flume  at 
the  upper  end  it  is  watched  on  the  way  down  by  "  flume  runners  " 
stationed  on  certain  beats  along  the  places  where  the  lumber  is 
most  likely  to  "  jam."  These  jams  usually  occur  at  the  sharpest 
curves,  especially  if  the  grade  at  that  place  is  too  low  (which 
sometimes  cannot  be  avoided).  Jams  are  also  likely  to  occur 
where  the  transition  from  a  high  to  a  low  grade  is  too  abrupt. 
Running  dift'erent  widths  and  thicknesses  of  lumber  together 
makes  the  run  much  more  liable  to  jam  than  if  the  different  sizes 
are  taken  down  in  separate  runs.  The  flume  runners  usually 
carry  "  pickeroons  "  to  enable  them  to  handle  the  lumber  more 
easily  and  quickly.  The  speed  at  which  the  lumber  travels  varies 
greatly  with  its  size  and  shape,  and  with  the  grade  of  the  flume. 
On  steep  pitches  all  lumber  travels  faster  than  the  water,  the 
ties  and  dimensions  running  faster  than  boards  or  plank.  On 
low  grades  the  reverse  is  true;  the  water  runs  away  from  the 
lumber  and  the  small  stuff  goes  better  than  ties  or  timbers.  The 
behavior  in  the  flume  of  the  different  classes  of  lumber  run  should 
be  carefully  studied  for  a  given  flume  before  determining  the 
best   method  of  running  it.     This  is  especially   true   when   the 
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wiittT  supply  i>  limited  x)  llinl  it  i^  necessary  to  <,M't  oul  the  great- 
est possible  aiiioiint  of  luiiilter  (»ii  the  least  water.  'i'hi>  last 
matter  too — tiie  economy  ot  water  —  will  be  greatly  improved 
if  the  Hume  is  kept  in  as  nearly  as  possible  water-tijjht  eoiidilioii. 
This  will  rc(|uin>  |)retty  constant,  although  not  e\'pensi\-e,  repair 
work. 


LAND   SURVEYING   IN   FORESTRY 

William    Gibbs    Howard,    M.  F.   (Harvard)   1908 

The  importance  of  a  knowledge  of  land  surveying  to  the  forester 
cannot  be  over  estimated.  In  every  branch  of  woods  work  sur- 
veying plays  an  important  part,  for  an  accurate  survey  is  essen- 
tial as  a  basis  for  the  proper  handling  of  any  forest  tract,  be  it 
large  or  small.  It  is  obviously  impossible  to  estimate  timber 
without  a  more  or  less  definite  idea  of  area,  both  of  the  whole 
tract  to  be  covered  and  of  the  various  subdivisions  which  may  be 
made  to  facilitate  the  estimate.  The  same  principles  are  appli- 
cable in  nearly  all  scientific  forest  work,  either  on  a  small  scale,  as 
in  sample-plot  or  yield-table  studies,  or  on  a  large  scale,  as  in 
reconnoissance  work. 

That  branch  of  surveying  which  deals  with  the  re-location  of 
old  surveys  and  the  retracing  of  lines  run  through  the  woods 
many  years  ago  is  a  science  in  itself.  The  knowledge  necessary 
to  do  this  work  well  cannot  be  gained  entirely  from  books.  A 
man  must  have  his  book  learning  and  his  college  engineering 
training  supplemented  by  actual  experience  in  the  woods.  I 
have  seen  township  and  lot  lines  run  in  the  woods  by  a  competent 
city  surveyor.  This  man  had  had  much  experience  in  the  city, 
but  the  lines  which  he  marked  out  in  the  woods  were  in  many 
cases  several  rods  away  from  the  true  lines. 

It  is  interesting  to  note  the  difl'erence  between  the  United 
States  Government  surveys  in  the  West  and  the  much  older  and 
more  primitive  surveys  —  some  of  them  made  in  colonial  times  — 
in  the  eastern  states.  Before  going  further  I  will  state  thai  my 
observations  are  based  ujion  personal  experiences,  in  the  West 
in  the  Sierra  Nevada  mountains  of  California,  and  in  the  East 
in  the  Adirondack  region  of  New  York  State. 

The  Government  surveys  of  the  West  differ  from  the  state  or 
private  surveys  of  the  East  in  that  they  are  nuich  more  regular 
and   svstemalic.     Let    us   compare   the   maj)   of   California    with 
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lli.it  of  New  ^(l|■k.  We  see  ill  ;i  i,d;iiicc  lli:il  in  I  lie  wolcrii  state 
hast'  liiu's  and  rcrcrcncc  iiicridiaiis  lia\r  l»f«'n  locaN-d  l<>  wliicli 
tlic  \ari<»ns  t()\\ii>liip  ami  section  lines  are  rererrecl.  'I'lie  whole 
stale,  with  llie  (•\<'e|)lion  ot  i'euion>  occupied  liv  inipassahit* 
mountain  ranges,  is  divided  into  iiioi-c  oi-  les>  re;j;ular  n-clau^ies. 
All  lines  are  hased  upon  the  iruc  north  and  south  meridian. 

Ill  New  \ Ork,  on  the  ofh(>r  hand,  the  map  is  cut  up  l».\  lines 
runninji  in  e\ cry  direction.  'I'liis  i-,  due  to  llic  fact  that  lar>.;c 
grants  oi"  land  were  made  to  difl'erenl  j)ersons,  and  these  ^'rants 
were  snh-di\ided  under  difrerent  systems.  All  Jinc^  are  referred 
to  the  itKt (luetic  north.  Some  of  I  he  meridians  run  nort  h  and  soul  li, 
wiiile  others  —  the  so-called  "  ten  o'clock  "  and  '"  four  o'clock 
lines  -  run  some  thirty  de<j;rees  east  of  north  and  west  of  south. 
This  results  in  the  lar^'e  nuinher  of  trianj;les  and  "  ^ores  '*  seen 
on  the  maj).  Inaccurate  work  liy  the  original  surxcyors  is  the 
cause  of  irrejiularities  both  in  the  West  and  in  the  East. 

Wliatever  the  .system  of  surveys  under  which  th(>  country  was 
first  laid  out,  the  duty  of  the  man  in  the  field,  who  is  tryinj:  to 
re-locate  the  old  lines,  is  the  same.  That  man  nuist  endea\-or 
to  reproduce  on  the  ^'round  the  line  of  the  original  survey.  It 
matters  not  if  that  survey  was  carelessly  run  out  and  the  corners 
wrongly  set.  If  the  original  line  blazes  and  corner  monuments 
can  he  found,  they  .serve  to  definitely  locate  the  old  survey. 

The  graft  which  existed  in  some  of  the  United  States  Govern- 
ment surveys  is  a  matter  of  history,  and  it  is  well  known  that 
ther(>  are  thousands  of  acres  of  land  in  Caliform'a  that  were  ne\-er 
surveyed  on  the  ground  at  all.  Field  notes  were  "  faked  "  and 
maps  made  in  the  city  of  San  Francisco.  HowevtT,  where  the 
line.s  were  run  out  in  the  field  they  were  usually  run  hy  transit 
and  the  corners  fairl.\-  well  monumented  and  witnessed.  It 
may  he  noted  here  that  the  government  surveyors  in  the  West 
paid  most  of  their  attention  to  marking  the  corners,  while  the 
lines  between  the  corners  were  only  marked  at  iid'rc(|uenl  inter- 
vals. In  the  old  Adirondack  surveys,  on  the  contrary-,  the  lines 
were  carefully  marked  out,  while  the  corners  were  merely  marked 
on  trees  or  wooden  stakes  which  soon  decayed. 

As  a  rule,  the  government  sur\ey  corner  consists  of  either 
a  squared  stake  surrounded  by  a  pile  of  stones,  or  a  sfpiare  stone 
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with  or  without  other  stones  around  it.  In  the  case  of  town- 
ship or  section  corners  there  are  four  witness  trees,  one  in  each 
quadrant  around  the  corner.  Edch  witness  tree  bears  a  blaze 
facing  in  towards  the  corner,  and  the  number  of  the  section  in 
which  the  tree  stands  is  scribed  in  the  blaze.  In  the  case  of 
quarter-section  corners  there  are  two  witness  trees,  one  in  each 
section  bounded  by  the  line  in  which  the  corner  stands.  The 
original  field  notes  contain  the  distance  and  direction  from  the 
corner  to  the  various  witness  trees.  In  case  the  corner  has  been 
destroyed  or  overgrown  with  vegetation,  its  position  can  be  deter- 
mined from  the  witness  trees. 

The  corners  of  the  old  Adirondack  surveys  consist  usually 
of  stakes  or  standing  trefes  blazed  on  four  sides  and  scribed  with 
the  proper  township  and  lot  numbers.  From  two  to  six  witness 
trees  are  marked.  The  witness  mark  is  three  horizontal  notches 
one  above  another  close  to  the  ground,  and  facing  in  towards 
the  corner.     The  old  field  notes  seldom  refer  to  the  witness  trees. 

The  best  instrument  for  retracing  the  government  survey  lines 
is  a  light  mountain-transit.  Copies  of  the  field  notes  of  the 
original  survey  should  be  obtained  and  the  course  of  the  line  to 
be  run  computed.  The  start  must,  of  course,  be  made  from  a  corner 
the  location  of  which  has  been  previously  ascertained.  A  ran- 
dom line  should  be  run  on  the  computed  course  as  far  as  the  next 
section  corner.  The  proper  correction  must  then  be  calculated 
from  the  length  of  the  line  as  chained  and  the  length  of  the  right 
angle  offset  from  the  line  to  the  corner,  and  the  true  line  run  out 
and  properly  marked.  If  original  line  trees  are  found  between 
the  two  corners,  the  true  line  should  be  made  to  run  through  or 
near  them,  even  though  this  may  mean  substituting  a  crooked 
line  for  a  straight  one.  This  matter  will  be  taken  up  more  in  detail 
in  the  discussion  of  Adirondack  lines. 

The  problem  of  retracing  a  line  in  the  Adirondack  forests  is 
somewhat  dift'erent.  In  the  first  place,  a  compass  is  more  suit- 
able for  this  work  than  a  transit.  Either  the  so-called  "  Pocket 
Vernier  Compass  "  (4^  needle)  or  the  "  Railroad  Compass," 
both  manufactured  by  W.  &  L.  E.  Gurley,  are  satisfactory  in- 
struments.    They  may  be  used  with  jacob's-staff  or  tripod. 

Let  us  suppose  a  surveyor  wishes  to  retrace  the  lines  of  a  lot 
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ill  tlu'  \V(H)<ls,  one  >i(lt>  of  wliidi  is  in  llie  tow  iiNliij)  line.  He 
should  start  his  survey  at  our  of  the  two  corners  in  the  town- 
ship Hue,  aiul  wo  will  suppose  that  he  knows  the  location  of  one 
of  these  corners.  Since  the  lines  are  run  on  niaj^iH-ti*-  heurinf^s 
very  little  coniputation  is  necessary  to  calculate  the  course  of  the 
line.  The  orif^'iual  hearing;  and  the  date  of  the  oripnal  survey 
known,  it  is  a  simple  matter  to  determine  the  present  bearing 
of  the  lin(>.  In  the  Adirondack  region  the  magnetic  variation 
has  been  increasing  at  the  rate  of  about  three  mimites  u  year 
for  the  last  one  hundred  and  fifty  years,  and  as  a  compass  is  to 
be  used  it  is  sufficient  to  calculate  the  bearing  of  the  line  to  the 
nearest  fifteen  minutes. 

The  compa.ss  is  set  up  at  the  starting  jjoint,  and  the  correct 
course  of  the  line,  as  calculated,  turned  off.  So  far  the  j)ro- 
cedure  has  not  differed  materially  from  that  followed  in  running 
out  tiie  lines  of  a  city  lot;  l)ut  from  now  on  the  surveyor  will 
need  to  call  upon  his  knowledge  of  woodsmanship  for  guidance. 
He  must  examine  every  tree  along  the  line  to  locate  the  original 
line  trees.  The  line  which  he  wishes  to  follow  has  probably 
been  surveyed  several  times.  Some  of  the  newer  lines  have 
been  blazed  by  lumliermen  who  merely  followed  through  from 
corner  to  corner  with  a  |)ocket-compass  and  marked  convenient 
trees.  The  task  of  our  surveyor  is  to  distinguish  the  blazes  of 
the  first  surveyor  from  amongst  the  maze  of  newer  blazes.  In 
the  case  of  a  line  surveyed  a  hundred  years  or  more  ago  this  re- 
quires a  sharp  eye  and  a  knowledge  of  what  a  very  old  blaze 
looks  like.  In  our  north  woods  forests  the  spruces  and  the  hem- 
locks show  plainest  the  marks  of  the  old  surveys.  I  have  cut 
into  trees  of  these  species  and  found  blazes  a  hundred  and  thir- 
teen years  old.  The  only  sign  of  a  blaze  on  the  outside  of  the 
bark  was  a  slight  irregularity  in  the  surface,  which  upon  minute 
examination  showed  the  mark  of  an  axe  blade.  Of  the  hard- 
woods, the  birches  show  the  old  nuirks  the  best.  The  maples 
and  beeches  are  the  worst  trees  of  all  in  this  respect.  Kven  on 
the  birches  it  is  difficult  to  discover  a  very  old  mark.  The  mark 
is  often  more  easily  distinguished  when  one  is  fifteen  or  twenty 
feet  away  from  the  tree  than  when  one  examines  the  bark  closidy. 
I  once  found  a  blaze  one  hundred  and  ten  vears  old  on  a  birch 
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tree  by  standing  some  distance  away  from  the  tree  and  directing 
my  axeman  to  move  his  hand  up  and  down  the  trunk  until  he 
covered  the  mark.  From  where  the  axeman  stood  the  mark  was 
not  distinguishable;  but  upon  chopping  into  the  tree  we  found 
the  blaze  about  four  inches  beneath  the  surface  of  the  bark. 

When  the  surveyor  comes  upon  a  tree  which  he  thinks  bears 
the  original  blazes  he  should  chop  out  a  blaze  and  count  the  num- 
ber of  annual  rings  formed  since  it  was  made.  In  this  way  he 
can  ascertain  the  exact  year  of  the  survey  of  which  that  blaze 
is  a  mark;  and  by  reference  to  his  field  notes  he  can  tell  whether 
or  not  that  is  the  original  survey.  In  retracing  these  old  lines 
care  should  be  taken  to  note  the  chainage  from  the  corner  to 
each  line  tree.  After*  a  few  of  the  original  blazes  have  been 
chopped  out  the  surveyor  will  find  that  he  can  distinguish  them 
from  the  newer  marks  by  their  external  appearances. 

It  frequently  happens  that  a  line  run  on  the  computed  course 
swings  away  from  the  old  line  after  following  it  for  a  short  dis- 
tance. If  the  surveyor  finds  that  this  is  the  case  he  should  off- 
set at  right-angles  and  set  up  as  nearly  as  possible  on  the  old 
line.  He  should  mark  his  trial  line  plainly  by  stakes,  but  should 
not  mark  any  trees  if  he  can  avoid  it.  When  he  has  run  his  trial 
line  through  to  the  next  corner  he  must  go  back  and  mark  the 
correct  line,  following  as  nearly  as  possible  the  line  of  the  original 
trees. 

The  line  as  finally  marked  will  oftentimes  be  far  from  straight. 
Most  of  the  old  surveys  were  run  without  regard  to  any  local 
attraction  of  the  compass  needle.  The  compassman  would 
sight  ahead  and  locate  a  tree  in  line;  then  he  would  pick  up  his 
compass  and  walk  up  to  that  tree,  setting  up  again  on  the  farther 
side  of  it.  The  chainmen  and  axemen  followed  him,  the  latter 
marking  out  the  line.  Unless  the  local  attraction  was  very  .strong 
indeed  no  backsights  were  taken.  The  result  was  that,  where 
there  were  only  a  few  degrees  of  local  attraction,  the  line  would 
swing  around  in  a  large  arc,  resuming  the  pro{)er  course  after 
the  area  of  "  local  "  was  passed. 

It  is  of  the  utmost  importance  to  endeavor  to  find  some  trace 
of  the  original  corner  or  its  witness  trees.  The  latter  will  often 
be  found  lying  half  rotten  upon  the  ground;    but  by  examining 
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tlxMii  closely  one  can  usually  f\i\<\  I  lie  old  marks  cncii  IIkhi^^Ii 
tlii'V  I)c  liiddcu  uikIci'  tlic  moss  and  <lccaycd  wood.  in  cji^c  all 
marks  oi'  the  ori<iiiial  corner  are  niissinji;,  tlu-  siir\('\or  nnisl  re- 
locate llu'  corner.  He  will  l're<|nently  l>e  al>Ie  to  li\  il>  |)o>ilion 
l)y  prolon^in^  the  tour  lot  lines  until  they  intersect.  It  some- 
times happens  that  all  four  lines  lia\<'  to  lie  entirely  re-run  an<l 
chained  in  order  thai  the  location  of  the  corner  ma>"  i»e  delinilely 
estahlished.  I  have  known  a  competent  wood  surveyor  to  spend 
two  days  in  locating'  the  corner  from  which  he  wished  to  start  ills 
survey. 

One  thinu'  which  the  surveyor  should  licar  in  mind  i>  the  im- 
])ortance  of  markiu<;  his  lines  and  corners  in  a  |)lain  and  ix-rmaneut 
inamier.  Line  trees  should  he  hla/.ed  at  fre(|Ucnl  intervals. 
Corners  shoidd  l)e  clearly  witnessed,  and  the  corner  monnuK'nt 
should   coidain    two  or   three  stones   if   there   is   aiiv    rock    within 


In  the  foreuoiiiii  lines  I  have  tried  to  fi'ive  an  idea  of  a  few  of  the 
l)rol)lems  which  the  woods  surveyor  must  prepare  to  meet  when 
he  fioes  out  into  the  field.  His  task  may  seem  difficult,  hut  when 
he  thinks  of  the  men  who  went  over  the  same  <ironnd  a  century 
or  more  ago,  he  is  })ound  to  l)e  infused  with  the  spirit  of  tho.se  men 
who  went  out  fearlessly  to  do  their  work  in  what  was  then  a  vast 
wilderness.  The  field  note.s  of  some  of  the  old  surveys  make 
interesting  reading,  and  show  us  some  of  the  difficulties  and 
dangers  encountered  hy  the  men  in  the  field.  It  is  to  ])erpetuate 
their  work  that  we  are  .sending  our  surveyors  into  the  woods 
today. 


A   FOREST  FIRE   WAGON  FOR  IVIASSACHUSETTS 
TOWNS 

Harold  O.  Cook,   M.   F.    (Harvard)    1907 

Last  spring  the  Legislature  passed  a  bill  which  provided  that 
if  any  town  having  a  valuation  of  less  than  one  and  one  half 
millions  of  dollars  should  appropriate  a  sum,  not  exceeding  $500, 
to  purchase  forest  Hre  equipment  approved  by  the  State  Forester, 
the  Commonwealth  would  pay  back  to  the  town  fifty  per  cent 
of  the  amount  spent.  The  reimbursement  being  conditioned 
on  the  approval  of  the  State  Forester,  it  was  necessary  for  him 
to  make  plain  what  he  considered  an  ideal  or  standard  outfit 
for  such  a  purpose.  Fortunately  two  years  previously  this  office 
made  a  study  of  the  subject  of  forest  fire  fighting  and  the  equip- 
ment used  for  this  purpose  in  such  towns  as  employed  anything 
of  the  kind.  This  study  showed  that  there  were  certain  essential 
elements  in  the  make-up  of  a  successful  fire  fighting  machine  and 
that  it  was  only  necessary  to  combine  these  in  the  proper  way, 
add  a  few  improvements  looking  to  convenient  and  quick  handling, 
and  obtain  an  ideal  forest  fire  fighting  equipment.  These  ele- 
ments were  a  good  strong  wagon,  chemical  fire  extinguishers, 
cans  for  holding  water,  spare  chemical  charges,  rakes,  shovels, 
mattocks,  axes,  etc. 

This  office  has  had  built  two  model  wagons,  one  designed  for 
two  horses  and  to  carry  six  or  eight  men,  and  a  one-horse  outfit 
carrying  three  or  four  men.  The  larger  wagon  cost,  with  the 
equipment,  $500  and  the  smaller  $300.  The  two-horse  wagon 
is  cut-under,  mounted  on  platform  springs,  rigid  body,  and  has 
wide-tired  saviji  wheels.  It  is  the  finest  type  made  by  wagon 
builders  and  with  the  addition  of  some  fancy  metal  work  and 
gold  paint  would  equal  a  hose  wagon  in  a  city  fire  department. 
Fourteen  chemical  extinguishers  are  placed  in  racks  along  the 
sides  so  that  they  cannot  tip  over.     At  the  back  on  each  corner 
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are  two  cases  contaiiiiii^f  six  nMiiovablc  drawers  with  hail  handles. 
These  drawers  contain  the  spare  cheniieal  charges,  the  acid  hein^^ 
in  bottles  already  to  slij)  into  the  extinfjuisher  and  tlu'  soda  in 
cans,  ()n(>  ehar^'e  to  a  can.  Ahout  eighty  spare  charges  are  carrie«l 
in  tiiis  way.  I'nderneath  the  body  of  the  wagon  are  two  racks, 
each  holding  live  shoxels  and  three  rakes.  The  bofly  of  the 
wagon  is  occupied  by  i'onrtccn  li\ c-galloii  gal\ani/«'d  iron  cans, 
each  can  iiolding  water  enough  to  refill  an  extinguisher  twice, 
so  that  each  of  tlie  extinguishers  can  l)c  u.sed  three  times  before 
it  is  necessary  to  send  for  more  water.  These  cans  have  bail 
handles  so  that  they  can  ])e  carried  by  one  or  two  men  and  the 
stojjper  is  .so  devised  that  two  botth's  of  acid  can  be  inserted  in 
it.  By  having  the  soda  already  mixed  with  the  water  e\('ry thing 
is  complete  in  each  can  to  rchll  the  extinguishers,  an  imi)orlaiil 
improvement  when  it  becomes  necessary  to  carry  them  for  a 
distance  into  the  woods.  There  are  also  on  the  wagon  two  kero- 
sene sprayers  which  are  u.seful  in  starting  back  fires.  These  are 
carried  under  the  .seat  together  with  the  grub-hoes  and  six  paii^. 
On  the  sides  of  the  wagon  are  twt)  axes  and  two  fire  department 
lanterns. 

The  single-horse  wagon  is  cut-under  but  lias  semi-elliptical 
instead  of  platform  springs.  The  sj)are  chemical  charges  are 
carried  in  drawers  under  the  .seat.  It  has  all  the  e(|uipment  of 
the  larger  wagon,  but  about  one  third  less  in  amount  and  was 
designed  to  acconunodate  communities  where  it  might  not  be 
easy  to  get  hold  of  a  ])air  of  horses. 

Towns  where  an  e(|uipment  of  this  nature  has  been  in  us(>  for 
some  time  are  entliu>iastic  in  their  ))rai.se  and  are  buying  more. 
By  adding  a  small  extension  ladder  to  the  equipment  they  have 
been  able  to  u.se  it  at  building  fires  as  well  as  at  forest  fires.  Such 
a  wagon  takes  the  place  of  the  chemical  engine  in  the  city  which 
puts  out  the  blaze  of  three  <|uarters  of  tlu*  alarms  that  are  rung 
in.  To  a  town  without  water  .ser\ice  it  is  indispiMisable,  and  it 
is  a  valuable  piece  of  e(iuipment  to  any  comnmnity  looking  at 
it  from  the  standpoint  of  building  fires  alone,  whereas  for  forest 
fires,  it  is  th(^  oidy  practical  outfit  that  a  town  can  secure. 


SOME  PRELIMINARY  INVESTIGATIONS  CONCERN- 
ING THE  RATIO  BETWEEN  DBE  AND  DIB  AT 
STUMP  FOR   WHITE   PINE  IN   MASSACHUSETTS 

Harry   F.    Gould,    M.   F.    (Harvard)    1908 

The  purpose  of  the  work  described  below  was  to  obtain  from 
data  already  at  hand  in  the  State  Forester's  Office  a  reasonably 
correct  table  giving  the  d  i  b-d  b  h  ratios  for  different  sized 
trees  of  the  species  W'hite  Pine  (Pirms  strobus). 

The  usefulness  of  such  a  table  is  apparent  in  many  instances. 
Whereas  volume  tables  are  almost  without  exception  constructed 
on  a  D  B  H  basis,  yet  many  cases  come  within  the  timber  estima- 
tor's experience  where  he  cannot  obtain  the  d  b  h  directly.  Such 
a  situation  is  more  likely  than  not  to  exist  when  the  estimator 
is  called  upon  to  decide  a  lawsuit.  The  chances  are  that  the 
timber  has  been  cut  and  removed,  leaving  only  the  stumps  to 
go  by  in  taking  measurements. 

Then  there  is  the  case  of  suit  for  trespass  where  the  owner 
claims  timber  to  have  been  unlawfully  removed;  to  say  nothing 
of  fire  damage  which  may  require  immediate  cutting  of  the  dead 
trees  and  so  make  it  imjiossible  to  measure  d  b  h  directly. 

The  table  given  herewith  was  prepared  from  data  obtained 
in  various  sections  of  Massachusetts  by  measuring  representative 
stands  of  pine  and  is  recommended  for  use  in  this  state  only, 
inasmuch  as  foresters  are  becoming  more  and  more  convinced 
of  the  imjjropriety  of  generalizing  data  and  trying  to  apply  it 
over  too  large  a  territory. 

One  hundred  and  eighty-eight  trees  were  used,  ranging  in 
diameter  from  6  inches  to  35  inches,  and  these  were  separated 
into  stumj)-height  classes  of  6  inches  (76  trees),  12  inches  (75 
trees),  and  18  inches  (37  trees).  The  points  were  then  plotted 
on  cross-section  pai)er  and  three  curves  drawn  tlu'ough  them, 
one  for  eacii  stump  height. 
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The  l;il)I('  \v;is  made  1)\'  rc'idiiiu  llic  xnliics  t'roiii  llicx-  ctirves 
iisiiiU  llu-  I)  I  H  ;i>  ,1   l);i^is,  -.iiicc  lliis  tonus  the  iiKist   nscriil  |;il)lc. 

Ill  ils  iin:il  loi-iii,  llifii.  Ilic  liiMc  iiidicil  o  tor  <'.iili  of  the  ihicf 
slunip-lifiulil  (•l;i>>c->  the  imiiilicr  of  iiicho  lo  \>r  ^iilit  r.iclrd  t'roni 
a  ^iviMi  I)  I  H  to  fii\c  the  dcsin'd  coiTrspoiidiM;^'  i)  li  ii. 

S«'\('r;d  supposilions  wliicli  common  sense  leads  lis  lo  -ii'-pecl 
l)iit  \\lii<li  are  not  otlierwisc  proxcd  are  shown  li\-  thi»-  l.dile  lo 
l)e  I  riK-: 

Isl.  The  lower  the  shinij)  llie  ureater  the  I)  in  I)  It  II  ditl'er- 
enee,  for  a  ui\('ii  diameter. 

"2d.  I'he  larger  llie  diameter,  the  more  rapid  the  iiierea'>e  in 
1)11!  null  dilt'erence  I'or  a  ui\-eii  shim|)  height,  alter  hi  inches 
I)  n  II  has  Keen  exceethni. 

.Viid  another  |)oiiit  which  is  not  (piile  >o  evident,  t'ollowiiiij: 
from  the  ai)()ve:  ^ 

The  iiicrcdsr  in  [he  Din  nun  dillerence  I'or  trees  of  from  I- 
inches  to  I'J  inches  d  n  ii  i>  |)racticall\  0.  whether  for  a  (l-iiich 
or  a   l'-2-iiich  st  iiiiip. 

AiiotluM-  interestinii  fad  shown  l)y  the  curves  llioiif^h  not  hy 
the  tal)le  is  that  there  is  much  greater  conforniity  to  IIk'sc  ciir\"es 
amon};  indixidiial  trees  than  niiyht  he  supjjo.sod,  the  xarialion 
heiiifj;  scarcely  over  5%  ft>r  ;•">'  .UiNt'ii  tree. 

It  i.s  hoped  that  in  future  further  data  will  he  ol)taiiied  which 
may  .serve  a.s  a  check  on  the  figures  iii\«'n  in  the  laMc.  which 
follows:  — 
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A    VOLUME   TABLE    FOR    UVA)    >L\I'LL   ON    THE 
HARVARD    FOREST 

E.   E.  Cartkh 

Assistant  Pkofessok  of  Fooestrt 

Red  Maple  (Acer  nibnim)  is  the  most  important  of  the  trees  eiit 
for  eordwood  on  the  Harvard  Forest.  More  than  half  of  the  total 
out  of  fuel  wood,  and  more  than  seventy-five  per  eent  of  the  "  hard- 
wood "  is  of  this  species.  Of  the  trees  used  primarily  for  fuel, 
only  firay  hirch  (Betula  ]>()})  ill  if  olid)  a])proa(lu'^  it  in  luiinlxTs  in  the 
Forest,  and  the  small  size  of  the  birch  makes  insignificant  its  pro- 
portion of  the  total  volume  cut. 

The  nuiple  is  present  on  nearly  every  wooded  acre  within  the 
Forest.  The  heaviest  stands  are  in  the  hollows  or  swales  where 
the  ground  is  moist,  but  not  swampy.  On  such  situations  small 
stands  of  nearly  i)ure  red  maple  may  be  found,  with  only  a  scatter- 
ing mixture  of  other  species  such  as  white  elm  [ilmus  americana), 
chestnut  {('asionra  (lenfata).])\ixck  cherry  (Pnnuit<  serotina),  white 
ash  (Fraximiis  (uucricana),  and  yellow  birch  (Betula  liitea).  Here 
the  tree  reaches  its  best  development  for  cordwood,  the  usually 
dense  stand  forcing  height  growth  to  an  extent  that  produces  trees 
eighty  to  ninety  feet  tall,  and  with  few  large  limbs.  Stands  of 
forty  to  fifty  cords  per  acre  are  not  uncommon. 

In  the  swamj)s,  luaple  occurs  in  mixture  with  red  spruce  (Picea 
riibens),  hemlock  {Tsuga  canaden.'iis),  tamarack  {Larix  laricina), 
and  tupelo  (Nyssa  sylvaiica).  On  such  situations  the  maple  has  a 
relatively  poor  form,  caused  by  the  poor  soil  and  the  bad  treatment 
of  the  forest  in  the  past.  The  trees  are  short,  often  unsound,  and 
usually  very  limby  or  forked.  As  a  rule  the  stand  of  cordwood  is 
not  heavy.  The  same  poor  form  is  found  in  some  swales  where 
past  logging  opened  the  stand  and  caused  the  development  of  heavy 
crowns  with  forked  and  branchy  stems. 

On  the  slopes  and  ridges  maple,  although  i)ractically  alwaj's 
present,  is  a  much  less  important  member  of  the  tree  community. 
Here  white   {)ine   (Finns  strohns)   is  the   mo>t   abundant   sjiecies, 
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although  on  some  slopes  chestnut,  red  oak  {Quercus  rubra.),  and 
other  broadleaf  species  form  the  stand.  In  either  case,  the  maple 
is  numerically  unimportant,  usually  occurs  as  single  trees,  and  is 
usually  removed  in  thinning,  that  the  saw-timber  species  may  be 
benefited.  Only  on  those  slopes  and  ridges  which  were  cut  clean 
twenty  years  ago  is  the  maple  considered  to  be  a  valuable  species 
and  there  only  because  it  is  a  better  tree  than  the  gray  birch,  which 
occupies  most  of  the  ground. 

The  low  price  of  red  maple  boards,  the  frequence  of  the  defect 
known  as  "  black  heart  "  and  the  heavy  weight  of  the  logs  and 
lumber  make  it  unusual  for  even  a  good  sized  tree  of  this  species 
to  yield  saw  logs  which  can  be  handled  at  a  profit  in  this  region. 
In  estimating,  maple  of  any  size  not  too  large  to  be  split  without 
powder  is  usuallj^  classed  as  cordwood.  On  the  Harvard  Forest, 
red  maples  larger  than  fifteen  inches  d  b  h  are  infrequent,  and  up 
to  that  size  the  choppers  have  little  difficulty  in  splitting  the  butt 
cuts  with  wedges. 

The  importance  of  the  species  in  the  operation  of  the  Forest  led 
to  the  collection  by  the  classes  of  1912  and  1913,  Harvard  Forest 
School,  of  the  data  here  presented.  Most  of  the  trees  were  cut 
by  the  students,  but  some  were  measured  after  being  felled  by  the 
wood-choppers.  The  measurements  taken  on  each  tree  were  the 
D  B  H,  the  total  height,  and  the  mid  d  o  b  of  each  length  of  mer- 
chantable cordwood,  stem  and  limb  wood  being  recorded  sepa- 
rately. The  crown  class  of  each  tree,  and  the  type  in  which  it 
stood  were  also  recorded.  The  number  of  trees  measured  is 
insufficient  to  give  reliable  results  when  considered  for  the  relations 
of  volume  to  crown  class,  or  type,  or  for  the  relation  of  limb  wood 
to  stem  wood.  It  is  hoped  to  develop  these  relations  through 
additional  data. 

Every  care  was  taken  to  make  the  measurements  represent  the 
utilization  customary  in  the  vicinity.  As  a  rule,  bolls  larger  than 
eight  inches  in  diameter  were  measured  exactly  four  feet  in  length, 
since  sticks  larger  than  this  diameter  are  ordinarily  cut  with  a  saw. 
Bolts  smaller  than  eight  inches  were  allowed  a  length  of  4. 2  feet, 
since  they  are  usually  cut  with  an  axe,  but  were  cubed  as  four  foot 
sticks.  Limbs  and  tops  were  considered  merchantable  whenever 
a  four  foot  stick  with  a  mid  D  o  b  of  two  inches  or  more  could  be 


Table  I 

TVnrLATION   OK    DATA    FOR    VOLIMK   TAIILK    FOR    RFD 

MAI'LK 

Basfd  on  ^l^';l^tlr<■m^'Ilts  takfii  in  IDIU  and  I'.Hl  in  Har\iinl  l-'ori-st, 
I't'torsliain,  Mass. 


D  II  H 

inches 


Total  Height  in  Feet 


25       SO  35        40*  50  60  70 


Average  Merchantable  Volume  in  Cubic  Feet 


i        .iol     .:5!)4       .4U 

3    I     .588     .098       .81!)       .9;}-?        1.382 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


6 
4.0  4.2 

1.028  1.320     l.'21(t     1.34!)       2.11.5 

1  1  T  M  13 


44 

46 

27 

34 

88 

20 

32 

24 

11 

18 

6 

3 

3 

1 

2 

2 

Total  number  of  Trees 311 


1.913     2.314       3.120       3.787 

C  15  12  7 

C.2 

3.381     3.530       4..501       .5.006       6.484 

2  i.->  11  10  2 

4.617       6.376       7.678       8.358 

2  4  8  0 

6.694   7.933   ».0;3.5  10.241   13.048 

2         6         12        U        I 
0.3 

8.504  10.305  13.269  14.832  13.904 

1        .5         3         7         ^ 
10.1  lo.:i 

13.168  16..'524  15.554  20.364 

1       4      ,5       1 

17.396     19.616     20.502     21.147 

4374 

21.292  26.022  30.306 

2      2      2 

12.6  12.1)      12.1! 

23.200        22.368  33.048 
1  1      1 

14.2      14.0  14  2 

31.930  31.668        43.684 

1       1  1 

14.f. 

39.896 

16. <>  10.0 

47.708        47.032 
1  1 

17.1 

59.398 


*  This  class  includes  all  trees  35.1  feet  to  45.0  feet  in  height,  and  therefore  some  trees  below  7  inches 
O  B  H  which  were  also  used  in  computing  the  averages  for  the  35  foot  class.  The  average.*  for  the 
trees  37.6  feet  to  45.0  feet  in  height  were  as  follows: 

D  B  H  Volume 

3  .058 

4 

4  1.443 

5  i.SHl 

6  3..'>45 


secured,  but  here  again  the  usual  tendency  of  choppers  to  disregard 
possible  lengths  from  the  limbs  of  large  trees  and  to  use  tops  and 
limbs  of  small  trees  to  somewhat  less  than  two  inches  was  followed. 

As  may  be  inferred  from  the  wide  range  of  heights  for  each 
diameter  below  fourteen  inches  (see  Table  I),  measurements  were 
taken  in  many  places  and  in  a  wade  variety  of  types,  including 
bottom  or  swale,  pine  slope,  swamp,  and  birch  and  maple  coppice. 
Most  of  the  trees  more  than  six  inches  d  b  h  were  of  seedling 
origin. 

The  volume  of  each  tree  was  determined  by  computing  the 
volume  of  each  bolt  by  Huber's  formula  (B^XL)  and  then  adding 
the  volumes  of  the  several  bolts.  The  volumes  of  trees  with  the 
same  d  b  h  and  height  were  then  averaged.  These  computations 
were  checked,  and  partially  rechecked.  The  averages  were  then 
tabulated  with  the  number  of  trees  averaged  indicated  by  a  small 
figure  below  and  to  the  right  of  the  figure  for  the  volume,  and  when 
there  was  but  one  tree,  the  diameter  shown  by  small  figures  above 
and  to  the  left.  Thus  13.168i  indicates  that  there  was  one  tree 
of  a  certain  diameter  class  and  height  class,  the  exact  diameter 
being  10.1  inches  and  the  volume  13.168  cubic  feet. 

The  irregularities  in  the  foregoing  table  are  numerous,  especially 
in  the  higher  diameters  in  which  few  trees  were  secured.  To 
remove  these  irregularities  the  data  was  plotted  on  cross  section 
paper,  and  a  curve  drawn  for  each  height  class  showing  the  volumes 
of  trees  of  different  diameters  within  that  height  class.  In  enter- 
ing the  data,  the  notation  of  the  actual  diameter  of  the  single 
trees  which  were  secured  for  some  diameters  enabled  accurate 
plotting  to  be  done,  and  the  number  of  trees  averaged  to  give  the 
volumes  was  entered  in  each  case  so  that  due  weight  could  be  given 
in  drawing  the  curves.  The  results  showed  some  irregularities 
still  present,  especially  in  the  seventy  foot  height  class.  The 
corrected  data  were  again  plotted  so  that  a  curve  could  be  drawn 
for  each  diameter  class  showing  the  volumes  of  trees  of  different 
heights,  and  the  readings  from  these  curves  w^ere  again  plotted  and 
a  new  curve  for  each  height  class  drawn,  superseding  the  first  set 
of  curves.     The  resulting  readings  are  given  in  Table  II. 

The  volumes  for  trees  in  the  two  inch  d  b  ii  class  are  so  small, 
and  the  habits  of  wood  choppers  in  cutting  up  such  small  trees 


arc  so  iriv<>iilar  tliat  \\\\^  (liamclcr  (•la>s  ua>  droppfd  From  t'lirtlirr 
consideration.  In  ostimatiii^,  I  Ik-  possihle  amount  of  wood  from 
trees  less  tlian  "2.'^  indio  u  n  ii  can  l»e  considered  as  a  mar^'in  toward 
conservatism. 

Purely  as  a  clicck  on  the  work  done  so  far.  the  \-olumes  ^d\-en  in 
Table   II   were  used   in  compulini;   a   laltlc  of  mrrchantalde  form 

Table  II 

VOT.IME   T.VHLK    FOR   RKD    MAl'LE   IN   (  IHIC    FKKT 

Harvard  Forest,  Petersham,  Mass.,  1910-11 


Total  Height 

in  Feet 

D  BH 

inches 

25 

30        35 

40 

50 

60 

70 

80 

90 

Merchantable  Volume 

in  Cubic  Feet 

2 

.io 

.4            .5 

3 

.() 

.7            .8 

.9 

1.3 

4 

1.0 

1.1,5        l.^.> 

1.5 

-2.1 

5 

1.9.5 

2.3 

3.1 

3.9 

6 

3.0 

3.5 

4.4 

5.2 

6.5 

7 

4.8 

5.9 

7.0 

8.2 

9.4 

8 

6.4 

7.9 

9.1 

10.5 

11.6 

9 

8.1 

10.3 

11.8 

13.2 

Hi 

10 

13.1 

15.0 

16.5 

17.6 

11 

16.6 

18.4 

20.2 

21.5 

12 

20.7 

22.3 

24.2 

25.8 

13 

25.2 

26.5 

28.7 

30.8 

14 

30.0 

31.2 

33.7 

36.5 

41.5 

15 

36.0 

39.1 

43.0 

16 

41.5 

45.0 

50.5 

17 

58.0 

factors  (.see  Tui)le  Illj,  since  it  was  thought  that  in  this  way  any 
large  errors  would  become  apparent.  The  form  factors  proved  to 
be  surprisingly  regular  excei)t  for  the  larger  diameters  hi  the 
fifty  foot  height  class.  No  adecjuate  explanation  of  the  high  values 
in  the.se  cases  can  be  given.  At  eleven  inches,  the  form  factor  is 
above  500,  but  the  average  form  factor  for  the  four  tri'cs  of  tliis 
diameter  and  height  actually  measured  is  5'-27.  More  data  nmst 
be  collected  before  the  results  for  the  diameters  above  nine  inches 
in  the  fifty  foot  height  class  can  be  accepted  without  caution, 
or  completely  rejected. 


The  next  step  in  the  preparation  of  the  vokime  table  is  based  on 
admittedly  scanty  data.  An  attempt  was  made  to  secure  average 
figures  for  the  proportion  of  wood  in  piles  each  containing  the  bolts 
from  trees  of  one  diameter  class.  Ordinary  commercial  practice 
was  followed  in  splitting  large  bolts.  Measurements  of  only  nine 
piles  were  taken,  but  the  resulting  averages,  curved,  are  at  least 

Table  III 
TABLE  OF  FORM   FACTORS  FOR   RED   MAPLE 

Harvard  Forest,  Petersham  Mass.,  1910-11 


Total 

Height  in  Feet 

D  B  H 

inches 

25 

30 

35 

40 

50 

60 

70 

80 

90 

Merchantable  Form 

Factors 

3 

464 

453 

457 

459 

530 

4 

477 

438 

411 

429 

481 

5 

429 

420 

454 

476 

6 

437 

446 

448 

442 

473 

7 

449 

441 

436 

438 

439 

8 

458 

453 

434 

421 

415 

9 

458 

466 

446 

427 

407 

10 

480 

458 

432 

403 

11 

503 

465 

437 

407 

12 

527 

473 

440 

411 

13 

547 

479 

445 

418 

14 

561 

486 

450 

427 

431 

15 

489 

455 

438 

16 

495 

465 

452 

17 

460 

approximately  correct  for  average  conditions  on  the  Harvard 
Forest.  The  influence  of  crown  class  was  found  to  be  very  strong 
in  even  the  small  amount  of  work  done,  since  overtopped  and 
intermediate  trees  usually  have  few  limbs  and  the  bolts  are  fairly 
smooth,  while  dominant  trees  often  have  heavy  crowns  which 
yield  knotty  and  crooked  bolts.  One  pile  made  from  ovcrtoi)i)ed 
six  inch  trees  had  over  seventy  per  cent  wood,  although  the  aver- 
age for  this  diameter  was  well  below  sixty  per  cent.  In  estimating, 
this  variation  should  be  kept  in  mind,  especially  where  suppressed 
or  intermediate  maples  are  to  be  taken  out  of  a  pine  or  chestnut 
stand  in  thinning.     The  proportions  used  are  given  in  Table  IV. 


Tahlk  IV 

I'KH  (  KNT  Ol'  Wool)   1\    I'll.KS  OK  HKD   M  Al'l.i;  (()l{I)\V(»o|) 

Hax'tl  i>n  it  i)ilfs  <>f  -2  to  1  cDnl  fcrt  i-:i<li.      Harvard  Forol,  ri-t<T>liam.  Miiss., 

1910-11 


D  B  II  of 

Trt-es 

Per 

cfnl 

of  W'oo<i 

in  Pilr 

n  II  II  of  Trrc^ 

r«T  cfiii 

of  W.mmI  ir 

I'ilr 

3 

.52.5 

11 

68.0 

4 

53.6 

H 

70.0 

5 

54.9 

13 

71.5 

6 

56.2 

14 

73.0 

7 

.58.0 

15 

74.0 

8 

60.2 

16 

74.6 

9 

(>'>.8 

17 

75.0 

10 

()5.5 

Table  V 

VOLUME   TABLK    FOR    MA)   MAPLE   IN    (ORDS  * 

Basod  on  Moasuri'im-nts  taken  in  1910  and  1911.      Harvarrl  Forest, 
Petersham,  Mass. 


Total 

Height 

in  Feet 

m 

.1 

DBH 

inches 

25 

30 

35 

40 

50 

60 

70 

80 

90 

l-s 

Merchantable  Volume  in  Cords 

0 

3 

.009 

.010 

.01-2 

.013 

.019 

46 

4 

.014 

.016 

.018 

.022 

.030 

27 

5 

.0-28 

.033 

.044 

.0.55 

34 

6 

.04^2 

.049 

.061 

.07-2 

.090 

38 

7 

.065 

.079 

.094 

.110 

.127 

20 

8 

.083 

.102 

.118 

.1.36 

.1.50 

32 

9 

.101 

.128 

.147 

.164 

.179 

24 

10 

.156 

.179 

.197 

.210 

11 

11 

.191 

.211 

.232 

.247 

18 

12 

.230 

.241 

.270 

.288 

6 

13 

.275 

.290 

.314 

.33(i 

3 

14 

.321 

.334 

.359 

..391 

.444 

3 

15 

.380 

.413 

.4.55 

1 

16 

.434 

.471 

.529 

2 

17 

.6(»4 

2 

Tot  id.      267 


•  This  volume  table  is  computed  with  the  standard  cord  of  H8  cubic  feet.     In  places  where  extra 
height  is  required  to  allow  for  shrinkage,  the  volumes  given  should  be  reduced  proportionally. 
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The  cubic  volume  for  trees  of  each  diameter  and  height  class 
given  in  Table  II  was  then  divided  by  the  percentage  for  the 
corresponding  diameter  class  given  in  Table  IV,  and  the  quotients 
multiplied  by  100  to  find  the  space,  in  cubic  feet,  occupied  by  the 
tree  in  a  pile.  This  figure  was  again  divided  by  128,  and  the  quo- 
tient taken  as  the  fraction  of  a  cord  of  merchantable  wood  in  the 
tree.  The  volume  table  was  then  rewritten  in  cord  measure,  and 
is  given  as  Table  V. 

The  custom  on  the  Harvard  Forest  is  to  measure  cordwood 
promptly  after  it  is  cut,  using  as  the  unit  of  measure  the  standard 
cord  (a  pile  four  feet  wide,  four  feet  high  and  eight  feet  long), 
containing  128  cubic  feet.  The  wood  is  usually  sold  without 
remeasurement.  The  foregoing  table  has  been  made  for  use  under 
these  conditions,  and  the  volumes  given  should  be  discounted  for 
use  in  localities  where  choppers  are  required  to  make  their  piles 
four  feet  four  inches  high  to  allow  for  shrinkage.  This  discount 
may  also  be  made  by  using  the  table  as  it  is,  but  reducing  the  total 
indicated  volume  of  the  stand.  A  discount  of  ten  per  cent  would 
be  liberal,  and  eight  per  cent  should  ordinarily  be  sufficient. 

Possibly  the  following  general  statement  may  be  remembered 
for  use  when  the  table  is  not  at  hand. 

Red  maples  of  good  height  for  their  diameters  should  run :  — 
If    4  inches  d  b  h  about  50  trees  to  the  cord. 


If    6      " 

If    8      " 

If  10      " 

If  12      " 

If  14      " 

20 

a 

y 

a 

6 

" 

4 

" 

3 

" 

riRK    I'ROTKC  TION 

RlCHAHU    F.     H.VMMATT.     IJ.S.l".    l!»ll(; 

SoMi:  six  yours'  work,  mostly  a(liniiiistrali\ c.  in  tin-  I  iiilcd 
States  Forest  Service,  lias  imi)resse(l  me  more  and  more  with  llic 
\ilal  importance  of  the  fire  ])rol)hMn.  |)arti(nhirly  from  tlic  hini- 
herman's  and  forester's  ^•ie^v  ])()ints. 

To  the  ])ro^ressi\-e  lumber  or  pulp  concern,  or  the  forester 
going'  into  eiliier  pri\'ate  or  (loNcrnmei.t  a(lniini>trat  i\'c  work, 
fire  protection  is,  in  a  way,  the  l)asis  of  all  operations.  A\'liat 
concern  can  hope  to  get  ii  .second  cut  from  its  logged  over  lands, 
if  they  are  burned  over  every  five  or  ten  years?  What  good  does 
it  (it)  tor  the  forester  to  determine  (luality  classes  or  rate  of  growth, 
to  figure  on  yield  i)er  acre,  rotation,  or  annual  cut,  if  continued 
fires  are  going  to  upset  all  his  calculations  and  burn  all  his  work  ? 
The  prosj)eclive  forester  niiisi  understand  that  it  is  up  to  him  to  .so 
protect  the  holdings  in  which  he  is  working  that  his  other  work 
will  be  of  .some  value. 

There  are  now  a  number  of  schools  and  colleges  in  the  United 
States  giving  instruction  in  lumbering  and  forestry.  There  are, 
anmudly  a  large  immber  of  men  attending  such  schools.  Do  the.se 
men  realize  how  nnich  more  true  fire  protection  means  than  getting 
men,  supplies  and  tools  to  a  fire  as  soon  as  it  is  reported,  and  then 
putting  it  out  ?  Did  it  ever  occur  to  you  that,  as  the  nuin  in 
charge,  yon  should  know,  not  only  every  square  mile  of  tlie  physi- 
cal features  of  your  country,  but  that  you  should  know,  too.  the 
climatic,  moisture  and  wind  conditions,  and  the  amounts  and  kind 
of  brush  and  debris  as  well  as  the  timl)er  ? 

Nearly  every  one  realizes,  of  course,  that  time,  money,  and  lo.ss 
of  life  and  j)roperty  can  l)e  avoidi^i  by  roads,  trails,  and  telephone 
lines.  Did  you  ever  try  to  work  out  a  complete  and  economical 
plan  for  such  improvements  covering  a  broken  area  of  one  and  one- 
half  million  acres  ?  You  know  that  to  get  the  fullest  benefit  from 
such  a  systen\  there  nnist  b(>  a  force  of  men  ])laced  at  strategic 
points  throughout  the  dangerous  season.      Did  you  evt-r  try  to  pick 
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out  such  places  over  a  big  area  ?  And  did  you  ever  plot  and  com- 
pare curves  showing  the  area  burned  over  per  week  throughout 
the  fire  season,  the  number  of  fires  per  week  of  the  season,  and  the 
number  of  men  per  week  of  the  season  necessary  to  give  the  proper 
protection,  and  at  the  same  time  keep  costs  to  a  practical  mini- 
mum ? 

Fire  protection  is  undoubtedly  a  big  and  vital  question,  so  vital 
that  more  time  should  be  given  to  it  in  schools  and  colleges  than 
has  been  done  in  the  past.  It  is  true  that  fire  fighting  cannot  be 
taught.  But  fire  fighting  is  secondary  to  fire  protection  and  fire 
prevention  and  to  a  large  extent  these  can  be  taught. 

In  any  course  on  fire  protection,  prevention  should  also  be 
considered.  Fire  prevention  is  largely  a  question  of  publicity, 
organization,  personality  and  legislation. 

No  matter  how  good  the  local  or  national  legislation  is,  it  may  be 
practically  nullified  unless  the  public  is  brought  into  sympathy 
with  the  objects  sought.  This  can  best  be  done  with  local  resi- 
dents by  personal  contact,  and  with  other  users  of  a  forest  area  by 
publicity.  We  should  all  recognize  the  fact  that  we  must  get  the 
public  interested  in  our  work.  To  do  this,  interesting  and  instruc- 
tive articles  and  so  called  news  items  must  be  prepared.  The 
importance  of  this  phase  of  the  work  should  not  be  overlooked. 

In  fire  protection  much  preliminary  work  is  necessary.  For- 
tunately the  members  of  the  Harvard  (and  several  other)  schools 
should  have,  by  now,  much  of  the  preliminary  data. 

There  is  required,  first,  as  intimate  a  knowledge  as  is  possible 
of  the  area  to  be  protected,  its  topography,  climate,  prevailing 
winds,  moisture  conditions,  forest  conditions  (including  brush, 
debris,  especially  valuable  sub  areas,  etc.),  its  existing  roads, 
trails,  railroads,  telephone  lines,  towns,  lumber,  and  other  camps 
and  ranches;  the  principal  area  used  by  campers,  hunters,  and 
fishermen,  and  the  main  routes  used  by  them  in  entering  and  leav- 
ing the  area  under  consideration. 

In  addition  there  should  be  obtained  a  history  of  recent  fires, 
their  location,  area,  causes,  damage  done,  and  methods  and  cost 
of  fighting  them.  This  information  should  be  tabulated  and  sum- 
marized. As  much  of  this  information  as  is  possible  should  be 
shown  on  a  topograi)hic  })ase  map  of  the  area. 
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Right  here  should  l)e  emphasi/cd  the  lu'cessity,  (first)  for  careful 
and  detailed  ])lans  and,  (second)  the  piittinj^of  those  plans  on  paper. 
The  man  who  doesn't  plan  this  part  of  his  work  carefully  and 
thoroufihly  ought  to  he  given  a  jol)  re(|uiring  a  strong  hack  and  a 
weak  mind,  rather  than  \ice  \crsa.  And  llic  man  who,  knowing 
that  he  personally  cant  sec  to  all  the  details  of  every  emergency 
that  may  arist\  doesn't,  aft(T  making  them,  i)ut  his  plans  on  paper, 
should  he  tn-ated  only  a  little  more  leniently  than  the  first  man. 

All  this,  and  nuich  more  iid'onmilion  is  hut  prelimimiry  to  the 
actual  plan.  Next  shouhi  come  tiie  determination  of  the  numl)er 
of  men  needed  to  insure  protection,  the  points  at  wiiich  they  should 
be  placed  and  the  lengths  of  time  they  should  he  employed.  W  ill 
a  system  of  stationary  lookouts  on  high  and  conunanding  peaks 
serve,  or  do  you  need  mounted  j)atrolmen  ?  Should  you  have  a 
combination  of  the  two  or  do  you  need  moving  lookouts  ?  Should 
the  patrolmen  stick  to  the  ridges  in  order  to  see  over  a  l)ig  country 
or  should  they  be  in  the  main-used  canyons  and  on  the  main- 
travelled  roads  and  trails  to  keej)  track  of  hunters,  campers,  and 
fishermen  ?  Have  you  got  conunanding  peaks  or  ridges  that  can 
be  used  or  trails  that  will  allow  j)atrols  to  travel  in  the  right  places  ? 
Shall  the  patrols  go  on  foot,  horseback,  or  should  they  use  motor- 
cycles or  automobiles  ?  When  does  the  fire  season  begin  - —  when 
does  it  end  —  and  what  is  the  most  dangerous  .sea.son  ?  Which 
will  give  you  the  best  protection,  ten  men  from  the  beginning  to 
the  end  of  the  season  (say  five  months)  at  a  total  cost  of  S'37oO.OO 
or  one  man  for  five  montli>,  two  for  four  months,  six  for  three 
months,  nine  for  two  months,  and  one  for  one  month.  In  the  second 
case  it  is  quite  probai)le  that  you  are  getting  better  protection 
with  the  same  amount  (tf  money  by  employing  twenty  men  for 
short  periods  instead  of  ten  men  for  longer  periods.  On  the  other 
hand,  it  may  be  possible  that  conditions  are  such  that  a  number  of 
comparatively  long  term  men  must  be  employed. 

If  lookouts  are  used  there  nuist  be  means  of  (piiek  transmission 
of  messages,  either  telephone,  telegraj)!!,  heliographs  or  a  wig  wag 
system.  The  patrols  should  l)c  able  to  get  messages  to  head- 
(|uarters  (piickly  and  they  nuist  be  able  either  to  get  men  and 
supplies  themselves  or  have  them  sent  in  without  delay.  What 
methods   of   communication    are   available   and    what    more    are 
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essential  ?  When  should  they  be  built  and  will  their  cost  pay  in 
the  long  run  ?  Have  you  made  arrangements  for  the  lookouts 
to  live  on  top  of  the  peaks  or  will  they  camp  below  somewhere 
where  they  will  lose  two  hours  through  the  day  and  all  the  evening, 
night,  and  early  morning  ? 

It  is  essential  that  your  patrols  keep  as  much  as  possible  in  touch 
with  headquarters,  and  you  or  some  one,  should  know  where  to 
get  them  at  any  time  of  the  day  or  night.  Are  they  travelling 
their  particular  country  promiscuously  or  have  you  laid  out  for 
them  definite  routes,  with  schedules,  so  you  will  know  where  to 
intercept  them  if  necessary  ? 

Does  each  man  of  your  protective  force  (outside  of  the  stationary 
lookouts)  know^  where  he  can  get  men,  tools  and  supplies  quickest 
for  any  fire  that  may  occur  ?  How  is  he  to  provide  transportation? 
Is  there  a  store  at  which  provisions  can  be  obtained  and  does  he 
know  how  many  provisions  to  take  without  packing  an  extra 
100  or  200  pounds  ?  How  many  extra  men  can  he  get,  where  can 
he  get  them,  and  how  soon  can  they  reach  the  fire,  if  it  is  a  big 
one  and  he  needs  a  big  force  ? 

These  are  a  few  of  the  cjuestions  w^hich  nearly  every  one  of  you 
will  have  to  consider.  The  answers  will  be  different  in  nearly 
every  case,  but  if  you  will  consider  the  problem  for  a  given  area 
now,  it  will  help  immensely  when  you  start  out  into  actual  work 
of  your  own. 


NOTES  ON  TIIH   CIIESTXIT   BARK    DISEASE 

{DIAVOnrUK   PARASITICA^    MURRILL)    IX 

TETERSIIA-M,    MASS. 

J.    KlTTKEDCiK.  Jr..    It)  13 

The  followiiiii-  data  wore  collected  in  October  and  Noveniher,  1()1'2, 
at  IVtersliain.  Massacluisclts.  The  object  of  the  stndy  was  to 
determine  (lie  |)resent  statns  of  the  chcstinit  bark  disease  in  and 
about  the  IIar\ard  Forest  and  to  secure  any  jjossible  infornnifion 
about  the  habits  and  appearance  of  the  funj^us  which  might 
indicate  the  means  by  which  it  is  or  is  not  (listril)uted. 

'{'he  disease  was  first  noticed  in  Petersham  in  the  fall  of  1!)1() 
by  Professor  J.  G.  Jack  of  the  Harvard  Forest  School,  alonti'  a  road 
not  over  a  mile  from  the  School  and  about  three  and  one-half  miles 
north  of  the  vijlaur  of  J'etcrsham.  In  August  and  Sej)tembcr, 
l!)ll,  Pr(>fessor  A.  II.  (iraves,  then  in  the  Rureau  of  Plant  Industry, 
found  infection  at  several  places  in  and  al)out  Petersham,  partic- 
ularly along  the  Athol  Road.  At  that  time  he  nnirked  infected 
trees  in  several  localities  and  carefully  examined  others  near  them, 
noting  whether  they  were  ])robabiy  infected  or  apparently  sound. 
The  locations  of  a  number  of  these  infectious  were  pointed  out 
to  the  writer  by  Professor  E.  E.  Carter  of  the  Forest  School. 

In  this  study  the  infection  was  viewed  from  the  forester's  stand- 
point, with  little  or  no  reference  to  the  morphological  or  physiologi- 
cal characteristics  of  the  disease.  At  the  time  of  the  study,  only 
the  wiiit''r  fruiting  Ixxlies  were  in  e\idence. 

In  the  first  part  of  the  study,  data  was  collected  as  follows: 
All  trees  showing  any  evidence  of  infection  were  first  classified  in 
three  groups:  — 

I.  Trees  surely  infected  (with  the  fruiting  bodies  developed). 

II.  Trees  jjrobalily  infected  (with  dead  branches  and  persistent 
dead  leaves  or  burrs  or  badly  sunken  bark). 

III.  Suspicious  trees  (with  the  persistent  leaves  or  siuiken  bark 
less  markedly  develoi)ed  than  for  Class  II  trees). 
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Trees  which  were  apparently  uninfected  were  entirely  disre- 
garded. For  all  trees  included  in  the  above  tree  classes,  the 
following  data  was  noted :  — 

1.  Careful  geographical  location. 

2.  Origin,  seedling  or  sprout. 

3.  Diameter  at  breast  height. 

4.  Crown  class;  whether  dominant,  co-dominant,  intermediate, 
overtopped,  or  suppressed. 

5.  Distribution  of  infection  about  known  centres,  and  relations 
of  crown  and  distance  between  infected  specimens  (numbered  and 
oriented  sketches). 

6.  Location  of  trees  relative  to  site,  aspect,  forest  type,  and 
density'  of  surrounding  stand  or  degree  of  isolation  with  history 
of  its  cause. 

7.  Probable  length  of  time  since  infection  started. 

The  field  work  consisted  in  the  inspection  of  trees,  along  roads, 
on  strips  through  the  woods,  and  around  infections  which  had 
been  previously  reported.  After  some  data  had  been  secured 
in  this  way,  the  rest  of  the  time  was  devoted  to  a  detailed  study 
of  one  stand  on  the  Harvard  Forest,  which  will  be  described  later. 

The  infection  is  now  almost  universally  distributed  in  the  town 
of  Petersham.  Surely  infected  trees  were  found  from  the  Atliol 
line  on  the  north  to  North  Dana  and  New  Salem  on  the  west,  and 
two  miles  south  of  the  village  toward  Barre.  The  region  to  the 
east  of  tlie  village  was  not  examined. 

Origin  seems  to  have  had  no  effect  on  the  susceptibility  of 
chestnut  to  the  disease.  The  data  obtained  showed  that  the  total 
number  of  infected  sprouts  in  Classes  I  and  II  exceeded  the  total 
number  of  infected  seedlings  in  the  ratio  of  two  and  one-half  to  one, 
but  this  difference  is  easily  accounted  for  by  the  predominance  of 
sprouts  over  seedlings  in  the  whole  chestnut  growth  of  the  region. 
When  all  trees  are  included  as  a  basis  of  comparison,  the  ratio  is 
about  three  and  one-half  to  one.  This  is,  however,  in  a  stand 
typically  of  s])rout  origin.  On  the  special  plot,  the  insignificance 
of  the  influence  of  origin  is  more  evident,  for  of  219  trees  of 
seedling  origin,  32  (14.5  per  cent)  were  surely  infected,  and  of 
747  trees  of  sprout  origin,  97  (13  per  cent)  were  surely  infected. 
Trees  in  Classes  II  and  III  have  been  omitted  from  consideration 
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here  because  [\\vy  were  so  iiuiikm-oiis  in  lliis  slainl.  wlicn-  so  nuiny 
sources  of  infection  were  in  close  proximity  that  origin  could  liave 
no  effect  on  their  suscej)tihiHty  in  iiny  case. 

Proximity  to  roads  and  highways  lias  no  apparent  cIlVcl  on  tlic 
distrihiilion  ol"  Ihc  (Hsease.  It  occurs  rij^lit  next  to  tin-  roads  on 
isohitcd  roadsicU'  trees,  hut  on  the  other  hand,  the  worst  infection 
examined  was  more  than  one-cjuarter  of  a  mile  from  any  road  and 
fully  a  mile  from  the  nearest  hij^hway  used  hy  automol)iles. 
Whole  stands,  more  isolated  from  roads  than  this  one,  are  rare 
in  the  vicinity. 

The  relation  of  appearance  of  fruit in<;  bodies  to  side  of  trees  was 
also  studied.  When  the  infection  is  three  or  sometimes  only 
two  years  old,  it  has  almost  always  <firdled  the  tree,  so  that  the 
fruiting  bodies  appear  on  all  sides  of  the  stem.  If,  however,  the 
infection  is  more  recent,  they  usually  ap])ear  on  the  soutii  or  south- 
west side  of  the  tree,  probably  owing  to  the  greater  warmth  of  the 
sun's  rays  on  that  side.  In  two  cases  where  the  trees  were  heavily 
shaded  to  tiie  S.  W..  the  fruiting  bodies  were  observed  only  on  the 
unshaded  X.  E.  side.  Of  11','  trees,  showing  the  fruiting  bodies 
only  on  one  side,  the  different  sides  were  represented  as  follows:  — 


S.  or  S.W.  1 

N. 

E. 

\v. 

Total 

Xuniber  of  trees 

93 

8,    ; 

3 
3 

5 
4 

11 

111 

112 

Percentage  of  total    

100 

Grouping  the  trees  noted  in  three  inch  diameter  classes,  it 
apjx'ars  that  trec^s  from  three  to  six  inches  n  i;  u  show  at  least 
the  matured  r(\sults  of  infection  (piickest  and  that  trees  below 
six  inches  are  more  liable  to  infection  than  those  of  larger  diam- 
eter. The  figures  somewhat  exaggerate  the  actual  conditions 
owing  to  the  predominance  of  the  number  of  small  trees  among 
those  examined,  l)ut  the  numerical  ratio  of  sniall  to  large  infected 
trees  aj)j)ears  distinctly  larger  than  the  ratio  of  all  small  chestnuts 
to  larger  ones  on  the  areas  examined. 

The  fungus  will  as  readily  attack  a  healthy  dominant  tree  as  a 
feeble  suppressed  one.  Frequent  case's  were  noted  in  which  trees 
grown  in  the  open  j)asture  lands  or  along  roadsides  bordered  by 
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meadows,  under  the  best  light  conditions  for  vigorous  and  com- 
plete crown  development,  were  badly  attacked.  The  figures 
seem  even  to  indicate  that  it  prefers  the  dominant  trees,  for  of  the 
231  surely  infected  trees,  sixty-three  per  cent  were  dominant  or 
co-dominant,  seventeen  per  cent  were  intermediate,  and  twenty 
per  cent  were  over  overtopped  or  suppressed;    and  of  the  524 

INFECTION  BY  DIAMETER   CLASSES 


Diameter  Class 

Surely 

infected 

Probably  Infected 

Inches 

Number 

Per  cent 

Number 

Per  cent 

0  -3 

59 

26 

261 

50 

3  -6 

106 

46 

223 

42.5 

G  -9 

52 

22 

33 

6 

9-12 

11 

5 

5 

1 

Over  12 

3 

1 

2 

0.5 

Totals 

231 

100 

524 

100.0 

probably  infected  trees,  forty-three  per  cent  were  dominant  or 
co-dominant,  twenty-three  per  cent  were  intermediate,  and 
thirty-four  per  cent  were  overtopped  or  suppressed. 

IsJ^o  consistent  relation  between  centres  of  infection  and  more 
recent  infection  from  those  centres  could  be  established,  although 
it  was  very  evident  that  some  areas  were  more  heavily  infected 
than  others.  Descriptions  of  the  distribution  about  two  rather 
distinct  centres  will  best  illustrate  the  lack  of  a  definite  relation 
as  to  direction. 

1.  A  seed  tree  left  on  flat  after  cutting  in  1909;  now  badly 
infected  and  dying.  There  is  an  alder  swamp  to  the  west  and 
three  year  old  sprouts  over  the  open  country  to  the  S.  E.,  and 
N.  W.  Three  surely  infected  sjn-outs,  which  might  under  the 
circumstances  have  been  infected  by  wind  dissemination  from  this 
tree,  are  situated,  (a)  45'  north,  (b)  50'  east,  and  (c)  115'  S.  E. 
There  is  probable  infection  scattered  over  nnich  of  the  area. 

2.  Another  flat,  three  hundred  yards  northeast  of  the  first  one. 
A  mixed  hardwood  and  pine  stand  which  had  been  thinned  and 
was  surrounded  by  i)ure  pine  and  swale.  This  case  shows  a 
distribution  about  centres  to  the  W.,  S.  W.,  and  N. 


Ill  ncitliiT  case  is  tlicfc  any  |)()^>iliilit y  that  tlic  ^jkh-cs  coulil 
have  washed  from  the  (('iilral  life  to  the  otlicrs.  'VUv  diseased 
trees  on  the  special  plot  show  I'lirl her  examples  of  centres  and  the 
surroundiii^'  itd'ection  with  no  constant  relation  hetween  the  two. 
Certainly'  in  these  cases,  with  the  possiMc  e\cc|)fioii  of  the  |iI•^t 
one,  there  is  no  distinct  spread  to  the  N.  E.  or  S.  K.  as  mij,dil  he 
expected  if  the  funyns  spores  were  primarily  distril»nted  l>y  llic 
prevjiilinfj  westerly'  winds  of  the  reuion. 

There  is  always  the  j)ossihility  in  this  connection  that  it  is  not 
distribution  about  centres  at  all  whicii  wc  see.  The  centres  of 
infection  are  not  always  easy  to  determine.  Havin<i  been  deter- 
mined, the  (piestion  rises,  are  the  nearer  surely  infected  trees,  i.  e., 
those  producing  spores,  the  result  of  infection  by  spores  which  were 
produced  on  the  original  tree  ?  In  the  majority  of  cases  the  writer 
thinks  not,  but  rather  that  they  were  infected  before  the  supposed 
centre  of  infection  had  reached  the  point  of  producing  .spores. 
This  .seems  the  more  plausible  when  badly  infected,  isolated  trees 
are  found  with  no  other  chestnuts  within  one  hundred  feet  and 
those  that  are  nearest  apparently  sound. 

Petersham  is  in  a  transitional  forest  region  where  the  northern 
pine  overlaps  the  southern  New  England  sprout-hardwood  region. 
The  types  are  usually  distinct.  Thus,  there  is  an  excellent  oppor- 
tunity to  study  chestnut  in  a  variety  of  surroundings  as  regards 
type  and  to  see  if  trees  in  one  type  seem  more  immune  to  the  disease 
than  those  in  another.  Chestnut,  of  the  forest  trees,  is  only 
exceeded  in  abundance  l)y  white  ])ine  and  red  maple.  It  occurs 
on  any  well-drained  soil,  either  in  stands,  largely  of  sj^rout  origin, 
or  at  the  other  extreme,  i.solated  in  the  open  pasture  land  which  is 
slowly  seeding  in  to  pine  or  even  in  .stands  of  ninety  per  cent  pure 
pine.  The  sprout  stands  may  be  of  widely  varying  mixtures  of 
hardwood  and  chestnut,  or  they  may  contain  chestnut  up  to 
sixty  per  cent  of  the  stand  by  number  or  a  much  larger  i)ercentage 
of  the  dominant  trees.  Trees  and  stands  of  all  ages  up  to  eighty 
years  are  represented  and  scattere*!  indixidnals  nia.\-  be  consider- 
ably older. 

There  appeared  to  be  no  relation  between  susceptibility  to  allack 
and  the  types  in  which  chestnut  occurred.  Trees  with  fully 
developed  fruiting  bodies  were  fovnid   luider  all   the  condition^  in 
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which  chestnut  grows  in  the  region,  —  in  the  open  pastures; 
along  roadsides;  isolated  trees  in  pine  stands;  isolated  trees  in 
stands  of  red  maple,  gray  birch,  and  aspen;  in  mixtures  of  red  oak, 
chestnut,  ash,  and  maple;  and  in  stands  classified  as  chestnut 
slopes.  Certainly  no  type  provides  immunity  from  the  disease, 
although  the  data  collected  indicates,  as  will  be  shown  later,  that 
presence  in  or  proximity  to  certain  types  tends  to  increase  the 
liability  to  infection. 

The  frequent  discovery  of  dead  or  badly  infected  trees  in  or  near 
stands  of  pure  pine  or  pine  in  mixture  led  to  the  detailed  examina- 
tion of  all  the  chestnuts  over  an  area  where  infection  had  been 
found  Iw  Professor  Graves  in  1911  and  where  many  trees  are  now 
dead  or  very  badly  infected.  The  stand  was  a  sprout-hardwood 
slope,  with  easterly  aspect,  in  which  chestnut  formed  thirty  per 
cent  to  forty  per  cent  of  the  stand.  It  was  bounded  on  the  north 
by  twenty  year  pine;  on  the  west  by  a  strip  of  twenty  year  pine 
with  open,  grassy  land  beyond  over  the  crest  of  the  hill;  at  the 
foot  of  the  slope  to  the  northeast,  there  was  a  patch  of  pine  and 
hemlock  and  southward,  a  maple  swale  followed  the  brook.  Five 
fifty  foot  strips  were  run  down  this  slope,  parallel  to  the  north 
boundary,  the  first  three  adjacent  to  the  pine  and  the  last  two  at 
intervals  of  one  hundred  feet.  Every  chestnut  on  these  strips 
was  inspected  and  placed  in  one  of  four  classes,  Class  IV  to  include 
all  apparently  uninfected  trees.  The  rest  of  the  data  was  noted  as 
previously  described.  The  strips  are  numbered  successively 
from  the  north  at  the  edge  of  the  pine  to  the  south. 


Strip  number 

1 

2 

3 

4 

5 

No.  of 
Trees 

Per 

cent 

No.  of 
Trees 

Per 

cent 

No.  of 
Trees 

Per 
cent 

No.  of 
Trees 

Per 

cent 

No.  of 
Trees 

Per 
cent 

Class  I 

47 

27 

30 

19 

24 

12 

19 

9 

9 

If 

Class  n   

46 

26 

50 

31 

73 

38 

101 

46 

71 

31 

Class  III   

38 

22 

46 

28 

81 

42 

76 

34 

76 

33 

Class  IV 

44 

25 

35 

22 

15 

8 

25 

11 

73 

32 

Totals 

175 

100 

161 

100 

193 

100 

221 

100 

229 

100 

The  progressive  decrease  in  the  percentage  of  surely  infected  trees 
as  you  go  further  from  the  pine  at  the  north  edge  is  very  striking. 
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The  results  shown  in  (his^o  II.  ill.  and  I\',  alth(»ML;h  sonicwhat 
(•ontrachctory,  are  (•()in|)arati\'el\'  in•^i;^Iliti(  aiil .  hccaiisc  the  large 
luimher  of  sj)ore-j)ro<liiciiig  trees  in  the  stand  for  the  hist  year  or 
more  woidd  he  sure  to  cause  recent  infection  in  most  of  the  cliest- 
nuts  on  the  area  through  any  ajjency.  Hence,  they  are  of  little 
value  as  indicatinu  the  piituary  mcan>  of  disi  rihut  ion  to  new- 
localities.  To  furfiuM-  test  this  same  id<'a.  the  data  from  this  area 
were  divided  into  three  strips,  perpt-ndicular  to  the  first  five,  so 
that  the  first  wa^  adjacent  to  the  |)ine  at  the  lop  of  tlie  >l(ipe,  the 
second,  alon^f  the  central  portion,  and  the  third,  alon^  tin-  foot, 
next  to  the  hemlock  and  maple  swale.  These  strij)s  co\t>r  api)ro.\i- 
matelv  one  hundred  and  fiftv  feet  in  width. 


Strip  number 

1                    i                    2 

3 

Number 
of  Trees 

Per  cent 
of  total 

Number 
of  Trees 

Per  cent 

Number 
of  Trees 

Per  cent 

Class  I    

Class  II    

Class  III    

Class  IV 

61 

166 

91 

35 

17 
47 
26 
10 

20 

82 

124 

32 

S 
32 
48 
12 

51 
114 
101 

41 

17 
37 
3.S 
13 

Totals 1     35.S 

100 

258 

100 

307 

100 

111  this  table  again,  the  number  and  percentage  of  surely  infected 
trees  are  greatest  in  the  strips  adjacent  to  the  pine  or  swale. 

Outside  of  this  area  also,  the  (Mass  I  trees  were  found  most 
frequently  near  coniferous  stands.  Since  notes  were  made  on 
the  distance  of  infected  specimens  from  coniferous  stands  only  in 
the  latter  i)ai't  of  the  study  only  sixty-three  trees  are  inehided 
in  the  following  table:  — 


Loration 

In  pure 

Pine 
Stands 

Within 

100' 
of  Pine 

100'-500' 

from  Pine 

Stands 

500'+ from 

Pine 

Stands 

TotaU 

p.               f     Numlu'r  of  Trees 
^'assl      1    Per  cent  of  Total 

4 
6 

28 
44 

20 
32 

11 
IS 

(;3 

|IM) 

This  data  as  a  whole  would  seiMii  to  show  that  it  is  more  than 
mere  coincidence  that    the  disease  occurs   more   fre(|uentl\-   in  or 
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near  coniferous  stands.  The  most  plausible  and,  so  far  as  the 
writer  can  see,  the  only  reasonable  explanation  of  such  a  distribu- 
tion is  by  bird  agency.  It  is  a  well-known  fact  to  any  one  who  has 
ever  watched  the  habits  of  birds  that  they  are  more  abundant  on 
the  borders  of  woods,  especially  evergreen  woods,  or  where  there 
is  a  change  of  type,  as  at  the  edge  of  a  swampy  tract.  If  then, 
both  the  birds  and  the  disease  are  more  abundant  at  the  edges 
of  coniferous  stands  where  the  hardwoods  or  chestnut  adjoin  them, 
and  no  other  agency  will  account  for  such  a  distribution  of  the 
disease,  why  should  the  two  facts  not  be  cause  and  effect  ? 

The  data  on  the  location  of  fruiting  bodies  on  the  tree  as 
regards  height  seem  to  point  to  the  same  conclusion.  Actual 
notes  taken  in  the  latter  part  of  the  field  work  show  that  when 
the  infection  was  still  comparatively  local  on  the  trees,  it  usually 
had  started  on  the  main  stem,  somewhere  in  the  middle  third  of 
its  height.  The  writer  feels  certain  that,  if  further  data  on  this 
point  had  been  secured,  it  would  have  shown  the  same  results. 
The  data  secured  are  as  follows :  — 


Position  on  Tree 

Middle 
third 

Above 

Below 

On  a 
branch  only 

Total 

28 
76 

1 
3 

5 
13 

3 

8 

37 

100 

In  three  cases,  in  which  the  trees  were  climbed  to  examine  infections 
which  were  confined  to  branches,  the  fruiting  bodies  were  on  the 
upper  sides  of  the  branches  only.  In  only  two  cases  did  the 
infection  seem  to  have  started  round  a  wound.  These  figures 
again  indicate  a  distribution  by  birds,  and  })rimarily  by  the  creep- 
ing birds,  such  as  the  creeper,  nuthatches,  and  woodpeckers, 
which  spend  most  of  their  time  on  the  trunks  and  big  limbs. 
Although  these  birds  are  permanent  residents  in  Petersham,  there 
is  a  decided  migration  of  them  in  spring  and  fall  as  those  that  are 
residents  further  north  or  south  pass  through.  This  would  explain 
the  rayjid  spread  of  the  disease  over  long  distances  and  also  its 
peculiar  local  distribution. 

In  order  to  discover  any  possil)le  effect  of  distribution  by  wind, 
the  groups  of  sprouts,  in  which  not  all  of  the  trees  were  surely 
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infected,  were  coiisidcnMl  sc|);ii;il(ly.  'riii>  l'iinii--lHM|  d.it.i  |nr 
the  following  table  wliicli  >li<»\v  the  relative  fret|Uenc-y  with  wliich 
the  infected  si)r<)iits  were  I'oimd  in  different  position'^  in  I  lie 
gronj)s. 


Position  in  firoiiji 
Nuuiher  of  cases 


1 

N. 

N.E. 

E. 

S.E. 

s. 

s.w. 

\v. 

s.w.  ( 

1       ^ 

4 

s 

12 

fi 

."> 

i 

4 

'rhes(>  resnlts  surciv  show  that  a  |>n'\  ailino  scjuthwesl  or  nt)rlhwe>t 
wind  is  not  the  prime  factor  in  I  lie  distribution  of  the  spores. 

The  disease  is  a  serious  menace  to  the  future  production  of 
chestnut  in  the  region.  Of  about  700  trees  examined  (counting 
groups  of  sprouts  as  single  trees),  l'-2'-2  or  seventeen  per  cent  had 
infection  which  seemeil  to  l)e  two  or  more  years  old;  nine  or  one 
l)er  cent  showed  a  j)robable  three  year  old  infection.  Several 
trees  which  were  examined  fifteen  months  previously  l)y  Professor 
Graves  and  considered  sound  at  that  time  are  now  badly  infected. 
On  the  special  tract,  where  the  infection  was  as  bad  as  any  that  the 
writer  saw.  in  a  stanil  with  a  large  ])roportion  of  chestnut,  tlu' 
results  were  as  follows:  — 


N 

limber  of  Trees 

Percent  of  total 

Dead  t 

28 

3 

Class  I  

129 

13 

Class  II    

341 

35 

Class  III    

317 

3-2 

Class  IV 

192 

20 

Totals 

979 

100 

From  these  figures,  it  is  evident  that  the  chestnut  baik  disease 
is  a  very  serious  and  imminent  menace  in  this  region.  Estimating 
conservatively  and  judging  from  the  fact  that  trees,  dead  at 
present,  have  not  lieen  infected  more  than  three  years,  thirteen 
per  cent  of  the  trees  in  this  stand  will  be  dead  in  two  years  and 
twenty-five  per  lent  to  thirty  per  cent  in  three  years. 

t   Dead  trees  are  also  includeil  ill  Cla-i^  I. 
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From  the  foregoing  data,  it  is  possible  to  sum  up  the  following 
tentative  conclusions  as  to  the  habits  and  status  of  the  fungus. 
It  is  fully  realized  that  the  basis  for  most  of  these  tentative  con- 
clusions is  very  meager. 

1.  The  disease  is  well  established  and  widely  distributed  in  the 
town  of  Petersham. 

2.  Sprout  or  seedling  origin  has  no  effect  on  the  susceptibility 
of  chestnut  trees  to  the  disease. 

3.  Proximity  to  highways  and  roads  has  no  apparent  relation 
to  the  infection. 

4.  The  fruiting  bodies  appear  first  almost  always  on  the  S.  or 
S.  W.  sides  of  the  trees. 

5.  Trees  over  six  inches  in  diameter  at  breast  height  are  some- 
what more  resistant  to  the  disease  than  those  below  that  size. 

6.  There  is  no  definite  direction  of  spread  about  centres  of 
infection. 

7.  The  location  of  infected  trees  in  partially  infected  groups  of 
sprouts  shows  that  wind  is  not  the  prime  factor  in  the  distribution 
of  the  spores.  ^^ 

8.  Dominant  trees  are  as  likely  if  not  more  likely  to  be  infected 
than  suppressed  ones. 

9.  Lesions  usually  appear  first  in  the  middle  third  of  the  main 
stem. 

10.  The  disease  occurs  in  any  type  where  chestnut  forms  a 
part  of  the  stand.  Infection  is  more  abundant,  however,  near 
the  margins  of  coniferous  stands,  which  indicates  that  birds  may 
be  a  very  important,  if  not  the  primary  agent,  in  its  distribution. 

11.  At  the  present  time,  the  worst  infection  seen  shows  thirteen 
per  cent  of  the  chestnuts  badly  infected  so  that  they  will  die  in 
two  years. 


("OI.LIOCTIOX    OK    L()l)(.i:i'()l.l-:    IMNK    SKKl)   ON 
THE    LKADVII.LK    NATIOXAL    FOREST 

J.  Edwahi)  Mahtin,  Ml-'.  1!)0H 

CoxsiDERiNG  the  larfj;e  areas  on  the  Leadville  National  Foiol 
tliat  have  heen  hurnl  or  cnt  over,  there  is  no  more  serions  jjrohlcni 
eont'rontinii'  llie  Serxice  than  thai  ol  n'i'<>n'>t;it  ion.  In  nio>t 
instaiues.  these  areas  are  adjacent  to  timber  hne  and  are  aho\e 
tlie  main  bodies  of  timl)er  so  that  they  do  not  receive  the  lienefits 
of  tlie  prevailing  winds  regarding  seed  dissemination.  These 
areas  are  potential  timber  land  and  at  one  time  snpported  large 
bodies  of  merchantable  tinil)er.  Owing  to  the  altitnde  and  soil 
conditions,  this  land  is  axailablc  for  no  purpose,  excepting  at  the 
present  time  it  has  a  nominal  \alue  for  grazing. 

Many  important  rivers  as  the  Arkansas,  lihie.  Middle  and  Sonth 
forks  of  the  Platte,  together  with  their  principal  tribntaries,  have 
their  origin  in  the  Forest.  Practically  all  of  the  ranchmen  in  and 
adjacent  to  the  Forest,  together  with  those  in  the  valleys  below 
are  dependent  on  the  water  from  these  rivers  for  irrigation  pnr- 
poses.  With  the  agricnltnral  land  of  the  State  increasing,  water 
values  will  also  increa.se  in  due  j)roi)ortion,  as  the  agricultural 
value  of  the  land  is  dependent  upon  the  mountain  stream  flow. 
By  an  extension  of  forest  growth  on  these  denuded  areas,  a  great 
deal  will  be  accomplished  in  meeting  the  above  purposes  in  bring- 
ing about  a  constant  and  maxinnini  period  of  water  flow  when  it  is 
most  needed  for  irrigation. 

Perhai)s  the  most  important  (piestion  concerning  forest  exten- 
sion work  is  the  collection  of  seed.  The  extent  to  which  this  work 
is  carried  on  is  largely  dependent  on  the  supply  of  seed  that  is 
available  for  this  j)urpose.  This  problem  is  one  which  recjuires 
considerable  foresight  and  preparation  on  the  part  of  the  Forest 
officers.  We  .should  always  be  familiar  en<nigh  with  the  Forest, 
and  especially  every  ranuer  with  his  district,  to  determine  whether 
there  is  a  sufficient  crop  to  make  seed  collecting  practicable. 
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On  the  Leadville  most  attention  is  given  to  the  collection  of 
lodgepole  pine.  Although  other  species  as  yellow  pine,  douglas 
fir,  engelmann  spruce,  etc.,  are  available,  we  are  not  so  sure  of  a 
successful  crop.  A  large  annual  crop  of  lodgepole  pine  seed  is 
conceded  a  certainty  and  owing  to  its  wide  distribution  and  acces- 
sibility, a  large  amount  of  seed  can  be  collected  every  year.  At 
the  high  altitudes  no  species  is  considered  more  favorable  for 
reforestation,  and  from  a  protective  standpoint,  it  is  considered 
one  of  our  most  important  trees.  Owing  to  its  great  variety  of 
uses,  it  is  also  an  important  tree  for  commercial  purposes. 

Two  years  are  recjuired  for  lodgepole  pine  to  mature  their  cones, 
consequently,  the  small  green  cones  that  are  seen  in  the  spring 
form  the  basis  upon  which  to  determine  the  crop  expected  in  the 
fall.  The  flowers  of  the  lodgepole  pine  are  orange  red  in  color,  and 
the  staminate  are  in  short  crowded  spikes,  while  the  pistillate 
are  clustered  or  in  pairs  on  stout  stalks.  The  blossoms  of  this 
species  are  conspicuous  in  May  or  June.  By  July  15,  the  staminate 
flowers  have  withered  or  disappeared,  and  the  pistillate  flowers 
have  begun  to  develop  into  growing  cones,  so  that  there  is  no 
difficulty  in  determining  the  crop.  By  considering  the  density  of 
the  stand,  the  distribution  of  the  crop,  and  the  area  over  which  the 
crop  appears  to  be  good,  we  have  a  basis  on  which  to  estimate 
the  amount  of  seed  that  will  be  available. 

Prior  to  1910,  all  the  seed  that  was  used  for  reforestation  work 
was  sent  here  from  the  other  Forests.  The  first  extensive  seed 
collecting  on  the  Forest  was  done  in  the  fall  of  1910  when  crews 
were  working  adjacent  to  Leadville,  Dillon,  Buena  ^'ista  and 
Twin  Lakes.  A  total  of  678  bushels  was  collected  at  a  cost  of 
$1,431  per  bushel,  or  $4,368  per  pound.  During  the  field  season 
of  1911,  all  the  work  of  collecting  this  species  was  concentrated  at 
Dillon.  Although  all  the  cost  data  for  last  year's  collecting  is  not 
available  at  the  present  time,  we  are  confident  that  it  will  be 
greatly  reduced  and  should  not  exceed  over  $2.50  per  pound. 

In  general  seed  collecting  starts  about  September  15,  although 
in  some  instances,  collecting  might  start  a  little  earlier.  On  this 
Forest,  the  last  cones  are  generally  secured  about  November  15. 
In  this  locality  the  length  of  the  cone  collecting  season  is  generally 
determined  bv  climatic  conditions. 
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Cones  art'  "iciicrallx'  ohlaiiKMl  tiom  scjuinrl  Imards,  climMii-^ 
trees,  and  luinher  cultiiiirs.  Only  I  he  fii^t  two  iiicl  IhxIs  have  liccii 
employed  on  this  Forest. 

Squirrel  Hoards.  --  lu  collcclini;  cdmcs,  llic  {^fn-alcst  siiceess 
has  come  throuyh  the  observation  ot  t he  sqnirrels  in  localiiiL'  their 
hoards  and  ol)tainin<i  the  cones.  As  these  little  denizens  of  the 
forest  nse  the  same  locations  every  year,  their  hoards  are  easily 
r(>cotini/.ed  !>>'  the  old  scales  that  ar(>  ijenerally  heaped  around  Ihe 
hoard.      These  hoards  cati  he  classified  as  buried  and  exposed. 

In  the  first  instance,  the  cones  are  found  in  the  old  hoards  that 
have  been  vi.sed  for  several  years,  and  this  year's  crop  is  j^enerally 
buried  under  the  old  hulls.  They  are  ficnerallx'  found  aloui:  old 
loijs,  accumulations  of  poles,  and  in  rock  crevices.  Another 
method  of  burying  them  is  to  put  from  four  to  six  cones  in  small 
pockets  in  the  uround  or  rotten  lo<;s.  The  exposed  lioariU  are 
found  aloufj:  the  underside  of  lo.us,  |)oles.  rocks,  and  at  time^  on 
the  top  of  the  j^round. 

The  amount  of  cones  that  ha\e  beiMi  fouml  in  hoards  run  from 
one  to  six  bushels,  while  the  maxiunim  amount  obtaine(|  on  the 
Forest  from  one  hoard  has  been  fifteen  bushels.  In  walkinu 
throufih  the  Forest  durinji  the  fall,  one  observes  that  where  s(|uir- 
rels  are  abundant  there  is  a  store  of  cones  around  practi<ally  e\ery 
lotr.  With  such  an  abundance  of  cones  available,  there  is  very 
little  likelihood  of  collectors  securing  the  entire  supply. 

Climbifig  Trees.  —  During  the  fall  of  1010,  this  method  was 
aj)plied  for  experimental  purposes.  One  method  employed  was 
that  the  men  stood  on  the  gronufl  and  collected  the  cones  from  the 
lower  branches,  while  the  other  consisted  in  climbing  the  trees 
where  the  toj)s  were  hca\ily  laden  with  cones.  The  latter  can  be 
worked  to  best  advantage  by  starting  at  the  top  and  working 
down,  as  the  clusters  on  the  fruiting  branches  can  be  easily  seen 
and  any  cones  that  are  lodged  can  be  secured.  Owing  to  the  great 
damage  that  results  to  the  young  trees,  it  would  be  iuipract  icable 
to  continue  this  method  of  collecting  cones  to  any  great  extent. 

The  system  used  in  collecting  cones,  as  ajiplied  here,  can  be 
classified  as  ranger  help  and  as  additional  JM'lp.  I  nder  ranger 
help  is  included  oidy  tho.se  cones  that  are  colli'cted  by  the  rang«'rs 
wx)rking  independently  and  at  such  times  a>i  tln'ir  other  work  will 
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permit.  Additional  help  may  be  classified  (a)  by  paying  a  contract 
price  per  bushel  of  cones,  and  (b)  by  paying  men  working  by  the 
day,  independently  or  in  parties.  During  the  fall  of  1910,  when 
all  three  methods  were  used  on  the  Forest,  the  cost  per  bushel  for 
"collecting  cones  was  $0,706,  or  $2.33  per  pound.  During  the  field 
season  of  1910  the  contract  price  for  collecting  cones  at  Dillon 
was  forty-three  cents  per  bushel. 

With  a  supply  of  cones  on  hand,  the  next  step  is  to  haul  or  pack 
the  cones  to  the  treating  plant  or  to  the  railroad  station  where 
they  are  shipped  to  the  plant.  Those  that  are  collected  by  con- 
tract and  the  ranger  force  are  hauled  and  packed  at  no  additional 
expense.  In  the  fall  of  1910,  cones  that  were  collected  at  Twin 
Lakes  had  to  be  hauled  fifteen  miles  to  Buena  Vista,  while  those 
collected  adjacent  to  Leadville,  had  to  be  hauled  six  miles  to  the 
railroad  station  and  then  shipped  thirty-six  miles  to  the  plant 
at  Buena  Vista.  The  average  cost  per  bushel  for  hauling  cones  in 
1910  was  $0,075,  or  $.248  per  pound.  This  figure  will  be  reduced 
to  some  extent  by  last  fall's  work  as  the  collecting  was  practically 
all  done  by  contract  and  ranger  labor. 

With  the  active  field  season  brought  to  a  close  by  climatic 
conditions,  the  rangers  have  ample  time  to  extract  the  seed  from 
the  cones.  Two  buildings  were  used  for  seed  extraction  in  1910, 
one  at  Dillon  and  the  other  at  Buena  Vista.  Both  buildings  were 
equipped  practically  the  same,  except  that  the  ranger  at  Dillon 
made  a  revolving  device  to  shake  the  seed  from  the  cones. 

At  Buena  Vista  a  three  room  house  was  used,  in  which  two  rooms 
were  used  for  drying  and  the  other  for  storing  the  cones.  In  these 
two  drying  rooms  were  fifty-seven  trays,  3X5  feet,  covered  with 
one-half  inch  mesh  wire  netting.  These  trays  held  on  the  average 
of  one  and  one-half  bushels.  At  Dillon  only  one  room  was  used 
for  drying  purposes,  which  held  sixty-one  trays,  2X4  feet,  averag- 
ing three-quarters  bushel  per  tray. 

The  trays  in  both  plant  houses  are  arranged  in  racks  along  the 
sides  of  the  room,  l)eing  four  inches  apart,  with  the  upper  and 
lower  trays  approximately  twenty  inches  from  the  ceiling  and 
floor  respectively.  Sheets  are  then  spread  on  the  floor  to  catch 
the  seed.  With  the  trays  properly  arranged,  a  fire  is  started  in  the 
stove.  The  average  temperature  at  the  Dillon  plant  to  open 
the  cones  was   120°  F.,   while   100°  F.   was  necessary   at   Buena 
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\  i>t;i.  The  ;iv«t;i;j;('  time  ri'(|uirr(l  to  open  the  cones  was  four 
clays,  this  (IfpcMuliiifi"  to  some  t-xtent  on  the  weather.  The  average 
nunihcr  of  cones  extracted  ])er  day  was  ten  busliel^  ;il  Dillon  inul 
five  bushels  at  Buena  Vista. 

Willi  the  cones  open,  it  is  neces.sary  to  remove  the  .seed  from  the 
cones.  One  method  employed  was  to  shake  the  cones  in  .screens 
by  which  two  men  were  able  to  treat  twenty  bushels  in  one  day. 
It  the  cones  are  entirely  open,  the  .seed  can  be  n-nioNcd  in  this  way, 
otherwise  it  is  too  slow.  At  the  Dillon  j)lant  the  seed  were  re- 
moved with  a  revolvinji;  churn.  The  ranger  in  charge  of  this  work 
reported  that  it  took  from  five  to  twenty  minutes  to  run  a  bunch 
of  cones  through  this  process,  and  that  he  treated  forty-five 
liushels  in  one  day.  By  this  process  there  is  no  difficulty  in  remov- 
ing the  seed  from  the  cones. 

With  the  .seed  extracted,  th(\v  are  then  cleaned  by  rubbing  or 
beating  in  sacks,  ami  then  running  the  seed  through  a  fanning 
mill.     This  method  has  proven  the  most  efficient. 

The  average  cost  of  extracting  and  cleaning  .seed  was  sixty-five 
cents  per  bushel,  or  SI. 79  per  pound.  The  extraction  and  cleaning 
of  last  year's  crop  is  not  complete  at  the  present  time,  but  we  are 
certain  that  the  cost  of  1910  will  be  reduced. 

The  seed  are  then  su.spended  in  sacks  in  a  cool  dry  cellar  or  attic 
where  they  are  stored  away  until  spring,  when  sowing  operations 
begin.  Care  should  always  l)e  taken  to  guard  against  .seed  destroy- 
ing animals  and  changes  in  air  temperature  and  air  moisture. 

Before  sowing  the  seed  in  large  quantities,  it  is  very  essential 
that  the  seed  should  be  tested  to  determine  its  germinative  power. 
Seed  testing  nuist  be  done  very  carefully  to  be  of  any  value,  and 
in  order  that  reliable  data  may  be  obtained  it  is  necessary  to  have 
this  work  done  at  the  Fremont  Experiment  Station,  where  there 
is  special  equipment  provided  for  this  purpo.se.  The  average 
germination  test  of  all  samples  of  seed  collected  in  1910  was  .666^,x» 
while  the  average  number  of  seed  j)er  pound  was  70,000.  The 
average  test  of  .seed  of  the  1911  crop,  as  far  as  returns  have  been 
received,  is  .661*^^  with  the  average  mimber  of  seed  i)er  i)o»ind 
95,000.  It  has  been  found  that  a  bushel  of  cones  will  yield 
.33  pound  of  seed.  Approximately  "-i.lOO  cones  are  necessary 
to  produce  one  pound  of  seed,  while  3G0  cones  are  required  to 
make  one  bushel. 


RECONNOISSANCE  ON  THE  TAHOE  NATIONAL 
FOREST 

KxowER  Mills,  M.F.   1911 

The  aim  of  the  Forest  Service  is  to  manage  each  forest  in  such  a 
way  that  its  products  will,  as  soon  as  possible,  be  made  continu- 
ously available  to  the  people  who  need  them.  In  accordance 
with  this  purpose  reconnoissance  work,  as  a  step  in  the  direction 
of  complete  working  plans,  is  chiefly  concentrated  at  present  on 
Forests  where  a  large  amount  of  timber  sale  business  is  expected. 
The  Tahoe  National  Forest  in  California  is  one  of  these. 

During  the  summer  of  1911  the  writer  was  employed  in  recon- 
noissance work  on  the  Tahoe.  An  important  part  of  the  work 
consisted  in  securing  the  necessary  estimates  and  maps  for  one  of 
the  largest  government  timber  sales  in  District  5.  The  recent 
change  in  Forest  Service  policy  with  regard  to  large  sales,  permit- 
ting the  disposal  of  mature  timber  on  a  large  scale,  with  permits 
providing  from  five  to  twenty  years  for  the  removal  of  the  timber, 
has  resulted  in  several  sales  for  large  amounts.  Few  long  term 
sales  have  hitherto  been  made  on  account  of  the  difficulty  of  fore- 
telling stiunpage  rates  which  would  be  fair  to  the  Government 
and  to  the  purchaser  throughout  the  life  of  the  contract.  It  is 
worth  noting  that  the  sale  of  78,000,000  feet  of  timber  which  was 
recently  concluded  on  this  Forest  initiates  a  new  method  of  estab- 
lishing future  stumpage  rates,  providing  for  readjustment  at  five 
year  intervals,  to  conform  with  current  lumber  values. 

The  Tahoe  Forest  is  situated  on  both  sides  of  the  main  divide 
of  the  Sierras  in  California  and  Nevada.  It  has  a  gross  area  of 
1,272,470  acres,  but  is  so  much  broken  u})  by  patented  lands,  as  a 
result  of  the  grants  of  alternate  sections  to  the  Southern  Pacific 
Railroad,  that  the  amount  of  actual  forest  land  within  the  forest 
boundaries  is  only  about  one-half  the  gross  area.  This  "  checker- 
board "  condition,  which  complicates  timber  sale  policy  and 
grazing  management  to  a  considerable  extent,  is  felt  strongly  in 
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rccoiiiioissaiicc.  siiicc  it  r<'(|iiin's  the  ruiiniii;^'  of  a  lari^c  aiiKniiit  <»f 
"  (lead  line  '"  between  the  isolated  .sul)(li\isi<)ii.s  of  governiiient 
land  and  makes  it  possible  to  cover  only  a  relatively  limited  area 
from  one  cami). 

riie  summer  work  was  in  two  main  t'orot  types  -  the  j«'IVrev 
pine  type,  which  is  characteristic  of  the  hijih  plateau  re^'ion  (»ii  the 
east  slope  of  the  Sierra  Xe\  ada  Mountains  at  this  latitude,  and  tiie 
red  fir  lyj)e,  which  is  found  on  the  upjx'r  slopes  and  riducs  of  (he 
main  divide  of  the  Sierras.  These  include  several  more  or  less 
definite  sub-types  in  which  subordinate  species  enter  into  the 
composition  of  the  stand.  Work  was  also  done  in  two  other  f)nre 
types  —  lodgepole  ])ine  and  black  lu-mlock.  which  are  less 
im|)ortant  commercially. 

.Icfrcfi  Vine  Type.  ■ — The  <i('neral  altitudinal  raii;4('  of  this  type 
is  from  .),()()()  to  7, .")()()  feet  on  south  exposures,  and  from  .j.OdO  to 
6, -200  feet  on  north  slopes.  The  essential  trees  are  jetirey  pine 
(P i n us  Jeffrey i)  and  white  fir  (Abies  concolor).  Other  less  impor- 
tant species  of  occasional  occurrence  are  sugar  pine  (Pinus  lain- 
heriianci),  incense  cedar  (Libocednis  derurrens),  western  juniper 
(Jiinij)ents  occidental  is),  red  fir  {^ibies  mcujnifica),  and  lodL^^epole 
pine  (Pinus  contorta).  In  a  few  localities  western  yellow  pine 
occurs  with  Jeffrey  pine.  From  the  forester's  standpoint,  these 
two  species  are  practically  identical. 

Two  sub-types,  pure  Jeffrey  pine  and  Jeffrey  pine-white  fir  can 
be  ilistinuiiished.  The  former  occurs  on  south  exposures  and 
at  lowest  elevations  in  dry  situations.  The  stand  is  a  very  oj)cn, 
old  selection  forest  composed  mainly  of  over-mature  and  mature 
trees  with  a  smaller  proportion  of  the  younger  age  classes.  The 
density  of  the  stand  is  determined  by  the  root  struggle  for  moisture 
rather  than  by  competition  of  the  crowns  for  light.  The  average 
stand  is  about  10, 000  B.  F.  per  acre.  Cirowth  is  very  slow. 
Forest  growth  f)n  the  east  slope  of  the  Sierras  presents  a  strong 
contrast  with  growth  on  the  west  slojte. 

The  Jeffrey  pine-white  fir  sub-type  occupies  a  transition  zone 
between  the  pure  Jeffrey  pine  sul)-type  and  the  red  fir.  or  sul)- 
alpine  type.  It  reaches  be.st  development  on  north  slopes  between 
5,000  and  6. "200  feet  altitude.  A  typical  i)roportion  of  species  in 
this  type  is  sixty  per  cent  Jeffrey  pine  and  forty  per  cent  white  fir. 
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The  density  here  is  often  determined  by  crown  competition  for 
light  rather  than  by  root  struggle  for  moisture.  The  average 
yield  is  about  18,000  B.  F.  per  acre.  Reproduction  is  mainly 
fir,  occurring  in  groups  beneath  the  large  trees;  Jeffrey  pine  repro- 
duction, on  the  other  hand,  comes  in  only  in  openings  but  it  out- 
grows fir  in  the  seedling  stage. 

Management  in  the  Jeffrey  pine  type  aims  to  favor  Jeffrey  pine 
within  the  limits  of  the  best  growth.  A  modified  shelter-wood 
system  is  used  with  the  aim  of  providing  adequate  pine  reproduc- 
tion, conserving  the  factors  of  site  and  securing  a  second  cut  in 
thirty  years.  It  is  not  advisable  to  open  up  the  stand  heavily 
on  account  of  deficient  soil  moisture  and  the  competition  of 
brush. 

Red  Fir  Type.  —  Red  fir  is  the  chief  species.  The  general 
altitudinal  range  of  the  type  is  from  7,500  feet  on  south  exposures, 
and  from  6,500  feet  on  north  slopes  up  to  the  summits.  Although 
red  fir  sometimes  occurs  pure,  it  is  more  often  associated  with 
white  pine  (Pinus  monticola),  white  fir,  black  hemlock  {Tsuga 
mertensiana)  and  lodgepole  pine,  in  various  mixtures  and  pro- 
portions, forming  several  more  or  less  definite  sub-types.  White 
fir  generally  predominates  at  the  lower  limits  of  the  type  but  is 
less  numerous  at  higher  altitudes.  The  stand  is  a  selection  forest, 
with  a  tendency  toward  grouping  of  age  classes.  The  average 
stand  is  about  25,000  B.  F.  per  acre,  but  the  yield  shows  a  wide 
variation  in  accordance  with  local  conditions.  The  maximum 
stand  is  about  125,000  B.  F.  Such  large  yields  occur,  however, 
only  under  the  most  favorable  conditions  and  on  restricted  areas. 
Red  fir  reaches  its  best  development  on  deep  moist  soil  in  shel- 
tered situations. 

The  chief  consideration  in  marking  is  protection  of  the  remaining 
stand  from  damage  by  wind.  A  group  selection  system  is  used  in 
management,  favoring  red  fir.  Watershed  protection  is  an  im- 
portant consideration  in  marking. 

Both  the  red  and  white  firs  are  of  great  value  as  pulp  material. 
A  sale  of  5,500  cords  of  these  two  species  was  made  last  year  on 
this  Forest  to  a  company  which  uses  28,000  cords  of  red  and 
white  fir  timber  i)er  year.  The  jji-oducts  are  a  high  grade  of 
wrapping  paper  and  tissue  paper. 
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Lodgepolc  I'inr  Tjipr.  Tliis  l\|)t',  wliicli  ;^fcii«'r;illy  (oiisists 
of  pure  loil^'opolc  piiu-,  is  governed  in  dislrihulion  l)y  soil  moisture. 
It  occurs  only  jiround  the  edj^es  of  nioiinfiiin  meadows,  along  the 
banks  of  streams,  and  in  moist  pockets  in  I  lie  si<le  hills.  The 
a\(M-agc  stand  is  alxiul  .5. 000  \\.  V.  per  acre.  Mixlurr-  of  lodjje- 
l>oie  pine  with  red  tir,  while  fir  and  hendock  are  frcjpKMitly  found. 

lilarl:  IlcnilocI:  Ti/pc.  —  Pim'c  hendock  occiu's  only  on  high 
peaks  at  alliludes  frt)m  7, .>()()  feet  to  the  sllIllmil^.  'i'lie  average 
stand  is  l-i.OOO  H.  F.  to  the  acre.  The  tyi)e  is  at  |)re.sent  of  litlN- 
value  commercially  hut  is  valuable  as  a  |)rotectiou  forest. 

The  Foresf.s'  of  the  West  Slope.  —  Forest  conditions  on  the  west 
slope  at  ele\'alion^  from  .'5.000  lo  ."i.OOO  feel,  where  rcconnoisNniice 
is  being  carried  on  this  winter,  olfer  a  strong  contrast  to  conditions 
on  the  east  slope  where  the  above  described  types  are  found.  The 
west  sloi)e  of  the  Sierras  in  the  region  covered  by  the  Tahoe  Na- 
tional Forest  is  the  richest  gold  j)roduciug  locality  in  the  state. 
The  mining  boom  which  followed  the  di.scovery  of  gold  in  1840  was 
followed  by  a  periotl  of  .settlement  which  brought  with  it  the 
exploitation  of  a  large  amount  of  the  \irgin  yellow  pine,  sugar 
l)ine,  douglas  fir.  white  fir.  and  incense  cedar,  which  originally 
covered  a  large  part  of  this  couidry. 

Reproduction,  chiefly  of  yellow  ])ine,  came  in  (juickly  on  the 
cut-over  area.s  and  growth  is  extremely  rapid  on  account  of  favor- 
able soil  and  moisture  conditions.  Consecpiently  we  have  a  com- 
bination of  virgin  stands  of  high  yield  with  many  sr-attered  second 
growth  e\en-aged  stands  from  tliirty-fi\e  to  fifty  years  old  which 
c(uuj)are  favorably  in  density,  (puility,  and  rate  of  growth  with  the 
even-aged  douglas  fir  stands  on  the  western  foothills  of  the 
Cascade  Mountains  in  Washington  and  Oregon. 

The  party  last  .sea.son  consisted  of  four  field  assistants,  a  packer- 
cook  and  a  forest  assistant.  A  .second  forest  assistant  and  a  ranger, 
who  were  engaged  in  timber  sale  work  and  silvical  studies,  joineil 
the  j)arty  at  iiiter\'als.  'J'lic  method  used  was  the  >trii)  -y^tein 
which  was  followed  throughout  the  district.  A  strip  one  chain 
w  ide  in  dense  tind:)er  and  two  chains  wide  in  more  ojien  stands  was 
run  through  the  centre  of  each  *'  forty."  This  gives  an  estimate 
based  uj)on  five  or  ten  per  cent  of  the  area.  In  most  ca.ses  distances 
could  b(>  obtainerl  with  ^^ufficietit  accuracy  by  pacing  but  the  chain 
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was  frequently  used  in  locating  corners  and  running  difficult  lines. 
The  Forest  Service  standard  staff  compass  was  employed.  The 
compassman  ran  out  the  line  for  each  strip,  tallied  the  distance 
covered,  took  necessary  field  notes,  mapped  topography  and  types 
on  a  scale  of  four  inches  to  the  mile,  and  noted  elevations,  which 
he  obtained  from  aneroid  readings.  The  estimator  recorded  the 
D  B  H  and  the  number  of  sixteen  foot  logs  of  all  the  trees  on  the 
strip,  and  took  silvical  notes. 

Frequent  checks  of  diameter  and  height  estimates  were  made  by 
means  of  the  hypsometer  and  diameter  tape.  For  each  forty  the 
per  cent  of  cull  for  defects  in  each  species  was  noted  and  a  correc- 
tion factor  was  applied  when,  in  the  estimator's  judgment,  the 
strip  did  not  represent  average  conditions  on  the  forty. 

All  trees  twelve  inches  and  over  in  diameter  were  included  in  the 
estimate  of  the  total  stand.  Trees  six  to  twelve  inches  d  b  h  were 
tallied  by  diameter  classes  and  recorded  by  number  of  each  species. 
Trees  between  six  inches  d  b  h  and  five  feet  in  height  were  de- 
scribed as  saplings;  trees  below  five  feet  in  height  were  classed  as 
seedlings.  These  two  classes  were  estimated  by  the  total  number 
per  acre  and  the  percentage  of  each  species.  The  silvical  data 
noted  for  each  forty  covered  the  following  points:  rock,  soil, 
ground  cover,  underbrush,  condition  of  timber  (in  detail  by 
species),  average  age,  factors  aiding  or  hindering  logging,  adapta- 
bility of  land. 

When  a  section  was  completed,  a  brief  forest  description  was 
written,  summarizing  the  points  on  the  forty  sheets,  and  including 
a  description  of  the  timber  by  species,  according  to  size,  quality, 
and  condition.  No  attempt  was  made  to  work  up  the  estimates 
in  the  field,  but  the  map  work  was  kept  up-to-date.  The  types 
were  colored  on  the  maps  in  accordance  with  a  legend  used  through- 
out the  district.  From  these  section  maps  township  maps  on  the 
scale  of  two  inches  to  the  mile  were  later  made  in  the  office. 

The  work  was  entirely  in  surveyed  land  and  in  most  cases  little 
difficulty  was  experienced  in  finding  the  old  Land  Office  corners, 
most  of  which  were  set  from  thirty-five  to  fifty  years  ago.  Copies 
of  the  original  field  notes  were  of  great  value  in  retracing  the 
work  of  the  old  surveyors.  As  a  rule  only  two  miles  of  exterior 
lines  were  run   and  blazed  for  each  section  estimated.       These 
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were  sufficient  to  estahli^h  i)<>iiits  to  which  the  strip^^  couUi  he 
tied.  All  forest  houiidary  lines  within  ica<h  of  caini)  were  run 
out,  blazed,  and  posted. 

The  total  area  covered  was  ^2S..)00  acres;  the  cost  per  acn-  was 
$0.0.57.  The  amount  estimated  was  ^>()0, 1.5.5,000  U.  V.:  the  cost 
per  M.  was  SO.OOOT. 


THE     ART   OF  PACING 

E.  I.  Terry,  B.S.F.  1907 

Pacing  is  one  of  the  roughest  methods  of  measuring  distance  and 
cannot  be  used  where  a  high  degree  of  accuracy  is  required,  but 
within  its  Hmitations  it  has  a  wide  and  extremely  serviceable  field 
of  usefulness  for  many  kinds  of  forest  work.  With  a  hand  or 
staff  compass  the  woodsman  may  employ  it  to  advantage  in  finding 
section  corners  or  other  marks  from  known  points,  in  tracing  old 
lines  and  in  cruising  timber.  It  is  the  cheapest  and  quickest 
method  of  making  forest  and  topographic  maps,  and  it  is  the  main- 
stay of  reconnoissance  work  on  the  National  Forests.  The  older 
method  of  running  strip  surveys  by  dragging  a  chain  attached  to  the 
compassman's  belt  has  been  almost  entirely  superseded  by  pacing. 
It  is  therefore  important,  in  fact  often  essential,  for  the  student  of 
forestry  to  become  proficient  in  the  art  of  pacing.  To  do  this  he 
must  have  much  practice,  but  there  are  certain  underlying  princi- 
ples which  one  must  understand  and  apply  in  order  to  do  consis- 
tently accurate  work. 

For  one  thing,  it  is  much  better  and  easier  to  count  every  double 
pace,  —  that  is,  every  time  the  same  foot  is  put  forward  —  than 
it  is  to  count  "  with  both  feet  "  as  most  novices  and  even  some 
experienced  pacers  do.  Our  word  pace  is  derived  from  the  Latin 
passus,  and  that  itself  meant  a  double  pace.  A  thousand  pas.siis 
made  the  Roman  mile,  which  was  approximately  5000  feet,  so  the 
average  double  pace  of  the  Roman  soldier  was  about  five  feet.  In 
counting  paces  with  a  tally-register  - —  to  which  I  will  refer  later  — 
it  is  much  easier  to  record  double  than  single  paces. 

Again,  most  beginners  try  to  take  an  artificial  step,  such  as  a 
three-foot  stride.  That  is  exactly  the  wrong  way  to  pace.  The 
right  way  is  to  determine  the  length  of  one's  natural  stride  by 
pacing  several  times  over  a  measured  line  which  should  be  at  least 
a  quarter  of  a  mile  in  length.  Pacing  between  section-corners 
where  the  lines  are  clearly  blazcfl  and  the  corners  are  known  to  be 
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corrcclly  si'l,  ;ilVi)r(U  llir  lic^t  practice.  l"\>r  cxainijlc  if  a  inait 
(iiuU  thai  111-  takes,  oii  the  axtTajfc,  lOOO  (l<>iil)le  paces  to  the  n'.ile. 
the  liMiiilli  of  liis  (loiihh-  pace  is  .')^iH  feet.  'I'lieii,  to  iiml  the  <lis- 
tancc  ill  feel  hetweeii  aii\'  two  points  wliich  he  has  jjaced  off,  ht' 
will  iiiiilti|)ly  the  iiimiKer  of  paces  hy  tiiat  limire.  lint  in  calcnlat- 
inu  I  he  anM  of  laruc  liMcts  in  acres,  the  fool  is  a  very  ineoiiNeiiient 
nnil  of  nieasurenu'iit .  \\<'  shonM  lu're  use  I  he  (lUiiter's  chain, 
as  does  the  Government  Land  ()tlice  in  all  its  snrxcys.  Ten 
s(|uare  chains  e(|naliii^  one  acre,  it  is  a  \  ery  simple  matter,  if  the 
dimensions  of  a  tract  have  heeii  ()l>tained  in  chains,  to  find  the 
acreaf^i'.  The  woodsman  therefore  shouhl  (h'fermine  his  averaj^e 
stride  in  terms  of  chains,  or  Ihc  nnniKcr  of  paces  lliat  he  takes  to 
one  eliain. 

Hut,  haviiiii-  determined  the  length  of  iiis  stride  on  level  ground, 
there  are  a  immher  of  modifying  factors  which  one  must  consider 
in  standardizing  iiis  pace.  The  length  of  one's  stride  varies  accord- 
ing to  the  rate  at  which  he  travels,  —  it  is  longer  tiie  more  raj^idly 
he  walks.  One  should  endeavor  to  jiace  at  a  uniform  rate,  which 
rate  should  not  he  too  fast;  he  should  take  a  pace  in  the  morning 
which  he  can  maintain  throughout  the  day.  Ordinarily,  on  com- 
paratively level  ground,  the  rate  should  not  exceed  that  of  three 
miles  an  hour. 

The  slope  of  the  ground  is  an  important  factor.  A  man's  natural 
stride  is  longer  on  level  ground  than  in  either  going  uj)  or  down  hill, 
and  somewhat  shorter  in  ascending  than  in  descending  the  same 
slope.  In  I'rofessor  Cary's  "  Manual  for  Northern  Woodsmen." 
the  results  of  one  extensive  test  are  tabulated,  which  shows  that  the 
length  of  step  ascending  a  30  slope  is  almost  exactly  half  of  what 
it  is  on  the  level.  A  man  should,  therefore,  determine  his  length 
of  pace  on  slopes  of  different  degrees  as  well  as  on  level  grouinl. 
In  j)ractice,  it  is  sufficiently  accurate  if  one  determines  his  j)ace 
for  what  may  he  roughly  classed  as  gentle,  medium,  and  steep 
slopes.  In  my  own  ca.se,  for  example,  I  take  on  level  ground 
960  double  paces  to  the  mile,  or  twelve  to  a  chain.  On  slopes 
averaging  10°  to  15°,  I  take  fifteen  paces  to  a  chain,  on  sloj)es  of 
20  to  25°,  eighteen  paces,  and  on  slo])es  of  80°  or  more,  twenty-one 
to  twenty-five  paces.  In  liill.\-  country,  it  is  easy  to  find  slopes 
varying  from  gentle  to  steep  (or  lines  of  ditferenl  grade  ma>'  be  laid 
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out  on  one  steep  slope),  which  will  hold  a  uniform  grade  for  a 
horizontal  distance  of  at  least  a  few  chains.  On  such  slopes  one 
should  measure  accurately  as  long  a  line  as  he  can  lay  off  up  to,  say, 
five  chains,  and  then  by  pacing  back  and  forth  a  number  of  times, 
determine  his  average  number  of  paces  to  the  chain,  ascending 
and  descending,  for  the  three  classes  of  slope.  He  can  then  com- 
pare these  results  with  his  length  of  pace  on  the  level,  and  thus 
find  out  how  many  paces  to  allow  —  or  how  often  to  "  drop  "  a 
pace  —  in  going  up  or  down  slopes  of  different  gradient.  Other- 
wise, his  allowance  for  slope  will  he  mere  guesswork. 

One's  physical  condition  also  affects  the  length  of  his  pace. 
His  stride  will  be  shorter  when  he  is  tired  than  when  fresh  unless 
he  consciously  forces  himself  to  greater  exertion.  In  changing 
one's  field  of  work  from  a  certain  region  to  another  of  decidedly 
different  topography  —  as  in  going  from  a  level  to  a  mountainous 
country  —  he  will  generally  find  that  he  needs  considerable  prac- 
tice in  order  to  adjust  his  pace  to  the  new  conditions. 

For  counting  paces  or  keeping  track  of  the  distance  travelled, 
pedometers  are,  especially  in  mountainous  country,  worthless. 
The  most  satisfactory  instrument  is  the  hand  tally-register, 
or  "  clicker,"  which  registers  up  to  1000  and  may  be  set  back  to 
zero  at  any  time.  Each  double  pace  can  be  easily  registered  with 
this  machine.  In  allowing  for  slope  the  extra  paces  should  be 
dropped  at  regular  intervals,  for  instance,  —  if  a  man  takes 
twelve  paces  to  the  chain  on  level  ground  and  is  going  up  a  slope 
that  requires  fifteen,  he  drops,  or  fails  to  register,  every  fourth 
pace;  for  a  slope  requiring  eighteen  paces  to  the  chain,  every  third 
pace;  and  for  twenty-four  paces,  every  other  pace.  At  the  end 
of  a  mile,  his  register  will  always  show  the  number  of  paces  that 
he  takes  to  cover  that  distance  on  level  ground. 

Another  method  of  recording  the  distance  travelled,  which  has 
some  obvious  advantages  in  map-making  and  reconnoissance 
work,  is  to  register  each  chain.  Using  this  method,  one  who  takes 
twelve  double  paces  on  the  level  will  count  his  paces  mentally 
and  click  the  register  at  the  end  of  each  twelfth  pace;  when  he 
comes  to  a  gentle  slope,  he  will  count  fourteen  or  fifteen  paces 
before  registering,  and  on  steeper  slopes  eighteen,  twenty,  or  twenty- 
four  paces,  as  the  grade  requires.      In  this  way  he  can  readily 
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make  allowance  for  slopes  of  ditfereiit  <xra(!ient  and  can  quickly 
and  easily  locate  his  jiosition  on  the  map.  At  the  end  of  one  mile 
his  register  will  always  show  the  iiiiiiiher  ei;ihty. 

In  covering'  lar^a'  acres  hy  means  of  compass  and  pacing,  the 
work  should  of  course  be  tied  in  at  frequent  intervals  to  points 
that  have  been  accurately  located.  Reconnoissance  crews,  when 
working  in  unsectionized  country,  have  found  it  sufficient  to  run 
transit  or  compass  lines  two  miles  apart,  the  reconnoissance  men 
pacing  back  and  forth  between  these  lines  and  generally  running 
their  lines  one-(|Uarter  of  a  mile  apart.  'J'liis  makes  only  eighteen 
miles  of  surveyed  line  to  a  township. 

Pacing  as  a  means  of  measuring  distance  has  doubtless  never 
been  developed  to  its  full  capacity,  but  it  has  probably  been  most 
fully  developed  in  the  reconnoissance  work  on  the  National  Forests. 
In  Johnson's  "  Surveying,"  the  statement  is  made  that  when  a 
man's  pace  has  been  standardized  and  he  walks  at  a  constant 
rate,  tlistances  can  be  determined  "  to  within  two  per  cent  of  the 
truth."  The  author  probably  referred  to  open  and  comparatively 
level  ground,  yet  I  believe  that  in  much  of  the  reconnoissance 
work  in  the  Rocky  Mountain  forests  the  error  has  not  exceeded 
that.  Day  after  day  I  have  seen  some  of  the  best  pacers  in  our 
reconnoissance  crews  run  the  two  miles  between  surveyed  lines, 
offset  a  C{uarter-mile  and  run  back,  and  as  a  rule  check  up  within 
six  or  eight  rods,  and  they  would  often  come  nuich  closer.  So 
important  is  the  method  in  much  of  our  present-day  work  that  I 
think  it  is  not  an  overstatement  to  say  that  a  man  cannot  be  a 
good  American  forester  unless  he  is  a  good  pacer  —  he  certainly 
will  not  nuike  a  good  reconnoissance  man. 


SOME  ORIGINAL  DATA  ON  WATERFLOW 
AND  FORESTS 

H.  O.  Cook,  M.F.  1907 

Some  time  ago,  I  came  into  the  possession  of  some  data  that  I 
hoped  would  add  perhaps  to  our  knowledge  of  the  effect  of  forests 
on  waterflow,  from  the  statistical  standpoint.  Data  of  this  de- 
scription are  so  scarce  in  this  country  that  I  considered  that  any 
which  promised  results  should  be  worked  up,  no  matter  how 
incomplete  it  might  be. 

The  city  of  Fall  River  takes  its  water  from  a  large  pond,  some 
three  miles  in  length  and  a  mile  wide,  called  North  Watuppa 
Pond.  Owing  to  certain  legal  restrictions,  which  it  is  not  necessary 
here  to  describe,  they  are  obliged  to  let  a  certain  percentage  of  the 
waterflow  through  a  weir  into  South  Watuppa  Pond,  a  body  of 
water  which  is  used  by  the  mill  interests  of  the  city  as  a  reservoir. 
In  1899  the  Water  Board  of  the  City  commenced  an  extensive 
investigation,  the  purpose  of  which  was  to  determine  the  total 
amount  of  water  which  each  year  is  delivered  to  the  mills,  the 
amount  used  by  the  city  through  its  mains,  the  amount  lost  by 
evaporation,  the  amount  supplied  to  the  pond  through  direct 
precipitation,  and  the  amount  supplied  to  the  pond  by  the  streams 
emptying  into  it.  This  investigation  covered  three  years  and  the 
results  were  very  interesting.  They  published  the  data  and  con- 
clusions in  1902  as  a  Report  of  the  Reservoir  Comniission,  by  Arthur 
T.  Safford,  consulting  engineer.  To  obtain  part  of  their  necessary 
data  they  built  weirs  at  the  mouths  of  the  various  brooks  entering 
Watuppa  Pond,  and  at  these  weirs  took  daily  measurements  of  the 
waterflow  for  three  years,  1899,  1900,  1901.  It  is  these  weir 
measurements  that  furnish  the  waterflow  data. 

In  the  spring  of  1908,  the  Massachusetts  State  Forester's  office 
made  a  forest  working  plan  for  the  5,000  acres  of  land  included  in 
the  watershed  of  North  Watuppa  Pond,  and  as  a  necessary  part 
of  the  working  plan  we  made  a  forest  map  of  the  watershed. 
From  this  forest  map  we  derive  the  necessary  data  for  the  forest 
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area  and  types  of  I'orcsl  laiitl  on  llic  ('i;^lil  hiook  ualorslicil.^. 
Althoufjh  six  years  elapsed  between  the  collection  of  the  two  classes 
of  data,  due  allowance  has  b(MMi  made  on  the  forest  areas  for  wood- 
land cnt  in  the  intervening^  time. 

In  the  lar;4('  table  the  daily  waterflow  for  three  years  has  been 
combined  and  axcrjiucd  for  eaeli  month.  Then  each  of  these 
figures  has  been  reduced  or  nieasnred  by  a  factor  which  woidd 
make  the  watershed  of  each  brook  cciual  to  one  square  mile.  In 
the  second  column  we  have  expressed  in  percentage  the  departure 
of  the  monthly  flow  from  the  average  flow  of  the  twelve  months. 
The  departures  from  the  mean  give  a  better  means  of  comj)arison 
than  the  figures  of  actual  flow.  We  include  also  a  table  of  rainfall 
for  the  same  three  years. 

Description  of  Watersheds 

South  Xat  Brook 

Watershed,  10.5  acres.  Woodland,  25%. 

Although  only  ()ne-(iu;irter  of  the  watershed  of  this  brook  is 
forested  it  is  in  this  section  that  it  has  its  source.  The  forest  is  of 
large  hardwoods  growing  on  a  moist  and  almost  swampy  flat.  The 
entire  watershed  is  very  level  and  the  brook  flows  for  about  four- 
fifths  of  its  course  through  level  meadows  and  mowings  before 
emptying  into  the  pond.      The  soil  is  deep  and  loamy. 

Terry  JirooJ: 
Watershed,  140  acres.  Woodland,  6.5%. 

This  brook  flows  through  a  level  watershed  its  course  being 
bordered  on  both  sides  by  maple  swamp.  Of  the  forest  land 
about  one-third  is  maj)!e  swamp.  The  soil  is  shallow  and  rocky 
and  many  out-cropping  ledges  testify  to  the  nearness  of  the  under- 
lying rock. 

Queen  Gutter  Brook 
Area,  40^2  acres.  Woodland,  95%. 

This  watershed  is  long  and  narrow  and  has  a  well  defined  slope. 
The  soil  is  gravelly  and  deep.  The  bed  of  the  brook  is  swampy 
and  wooded  with  red  maple.  The  greater  part  of  the  wooded  land, 
however,  consists  of  sprout  oak  and  some  pine. 
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North  Nat  Brook 

Watershed,  135  acres.  Woodland,  18%, 

This  brook  has  its  source  on  a  small  shallow  pond  and  flows 
for  its  entire  course  through  open  meadow  land.  The  forest  land 
of  sprout  oak  is  in  a  far  corner  of  the  watershed  where  it  can  have 
but  little  influence  on  the  flow  of  the  brook.  The  topography  is 
flat  and  the  soil  deep. 

Run  Brook 

Watershed,  l'2o  acres.  Forest  area,  100%. 

This  watershed  has  a  well  defined  slope  and  a  rocky  gravelly 
soil.  The  forest  is  sprout  hardwoods  much  of  which  has  been  cut 
off.  The  course  of  the  brook  is  short  and  it  takes  its  rise  in  out- 
cropping springs  situated  not  far  above  the  weir. 

Ralph  Brook 

Watershed,  215  acres.  Forest  area,  40%. 

The  watershed  of  this  brook  is  generally  flat  with  a  deep  loamy 
soil.  The  brook  has  most  of  its  course  through  open  land.  It 
has  one  source  in  a  maple  swamp  and  another  in  a  small  pond  hole 
in  the  midst  of  some  large  hardwoods.  The  conditions  of  the 
watershed  resemble  greatly  those  of  South  Nat  Brook,  but  the 
flow  is  much  more  regular. 

Blossom  Brook 

Watershed,  1,372  acres.  Woodland,  85%. 

Not  only  is  this  watershed  thoroughly  forested  but  nearly 
one-half  of  it  is  swamp,  so  that  conditions  would  seem  ideal  for  a 
regular  flow  of  the  stream;  but  Mr.  Stafford  suspects  that  much  of 
the  precipitation  on  this  watershed  passes  into  the  pond  under- 
ground and  that  the  weir  measurements  only  represent  a  part  of 
the  actual  run-off,  especially  in  dry  weather. 
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Conclusions 

Althoufih  the  flow  of  all  those  ])n)<)ks  is  so  extremely  irregnhir 
as  to  allow  little  choice,  I  ha\-e  classilied  those  which  seem  to  be 
somewhat  more  regular  than  the  others  as  follows:  — 

Irregular  are  South  Nat,  Terry,  and  North  Nat,  and  Queen 
Gutter,  and  regular  flowing  are.  Run,  Ral|)h,  and  Blossom.  Of 
the  irregular  hrooks  North  and  South  Nat  hrooks  hnw  very  little 
forest  t)n  their  watersheds,  wlicrcas  Terry  and  (^uecn  (iuttcr  are 
well  forested.  Queen  Clutter  has  a  well  dcHned  slope  on  its  water- 
shed, whereas  the  watersheils  of  the  other  brooks  are  (|uite  flat. 

In  case  of  the  regular  flowing  brooks  the  watersheds  of  Run  and 
Blo.ssom  brooks,,  are  entirely  forested  whereas  Ralph  Brook  is  only 
one-half  forested.  Blossom  and  Run  brooks  have  a  considerable 
area  of  swamj)  on  which  to  depend  for  storage  but  Run  brook  has 
no  swamp  land  in  its  watershed. 

The  reader  can  easily  see  from  the  nature  of  the  above  facts 
that  it  would  be  exceedingly  hazardous  to  venture  to  draw  any 
conclusions  from  them.  A  different  story  would  probably  be  the 
result  of  these  measurements  had  they  been  taken  in  a  moun- 
tainous country  with  a  rocky  slope,  but  in  a  country  of  compara- 
tively slight  sloj)es  and  a  deep  gravelly  soil  the  effect  of  a  forest 
cover  would  not  seem  to  be  very  large  in  the  run-off  of  streams. 

It  is  interesting  to  note  how  much  more  consistent,  from  month 
to  month,  is  the  flow  of  the  streams  than  the  precipitation.  An 
excess  of  seventeen  per  cent  in  the  rainfall  of  September  does  not 
seem  to  have  had  much  effect  on  the  run-off  of  that  month  or  the 
next. 
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